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(57}Abstract: 

PROBLEM TO BE SOLVED: To provide an electrode structural body capable of 
contributing to a lithium secondary battery having a long cycle life, high capacity 
and high energy density. 

SOLUTION; This electrode structural body is composed of a collector 100 and a 
negative electrode material layer 101 for a lithium secondary battery containing 
particles 103 containing, as a main constituent, an amorphous alloy having a 
nonstoichiometric ratio composition expressed by a formula Sn.A.X. In the 
formula, A represents at least one kind of transition metal, and X represents at 
least one kind selected from a group comprising 0, F, N, Mg, Ba, Sr, Ca, La, Ce, 
Si, Ge, C, P, B, Bi, Sb, AS, In, S, Se, Te and Zn. However, X may not be 
contained. In the number of atoms of the respective atoms in the formula, a 
relationship of Sn/(Sn+A+X)=20-80 atom.% should be satisfied. 
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[CI aim (s)] 

[Claim 1] Negative-electrode electrode materia! for lithium secondary batteries 
containing the particle which used the amorphous Sn-A-X aiioy of a 
non-stoichiometric ratio presentation as the principa! component, among the 
above-mentioned formula, a kind was shown at least and A was chosen from the 
group of transition metais to which X changes from O, F, N, Mg, Ba, Sr, calcium, 
La, Ce, Si, germanium, C, P, B, Bi, Sb, aluminum, In, S, Se, Te, and Zn -- a kind 
is shown at ieast. However, X does not need to contain. Moreover, in the atomic 
number of each atom of the above-mentioned formula, it has the relation of 
Sn/(Sn+A+X) =20 80 atom %. 

[Claim 2] Said amorphous alloy is electrode material according to claim 1 whose 
full width at half maximum which appears in the range of X diffraction 2theta=25 
degree-50 degree of CuK alpha rays is 0.2 degrees or more. 
[Claim 3] Said amorphous alloy is electrode materia! according to claim 1 whose 
full width at half maximum which appears in the range of X diffraction 2theta=25 
degree-50 degree of CuK alpha rays is 0.5 degrees or more. 
[Claim 4| Said amorphous alloy is eiectrode material according to claim 1 whose 
full width at half maximum which appears in the range of X diffraction 2theta=25 
degree~50 degree of CuK alpha rays is 1.0 degrees or more, 
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[Claim 5| Said amorphous alloy is electrode material according to claim 1 whose 
full width at half maximum which appears in the range of X diffraction 2theia-40 
degree-50 degree of CuK alpha rays is 0,5 degrees or more, 
[Claim 8] Said amorphous ailoy is electrode material according to claim 1 whose 
fuii width at half maximum which appears in the range of X diffraction 2theta=4Q 
degree-50 degree of CuK alpha rays is 1.0 degrees or more. 
[Claim 7] Electrode material according to claim 1 whose magnitude of the 
microcrystal calculated from X-ray diffraction analysis of said alloy particle is 
500A or less, 

[Claim 83 The electrode object according to claim 5 whose magnitude of the 
microcrystal calculated from X-ray diffraction analysis of said alloy particle is 
2Q0A or less. 

[Claim 93 The electrode object according to claim 6 whose magnitude of the 
microcrystal calculated from X-ray diffraction analysis of said alloy particle is 
100A or less. 

[Claim 10] Electrode material according to claim 1 whose mean particle diameter 
of said particle is 0.5-20 micrometers, 

[Claim 11] Electrode materia! according to claim 1 whose content of said alloy in 
said particle is 30 % of the weight or more, 
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[Claim 12] Furthermore, electrode material according to claim 1 which contained 
the water soluble polymer ingredient as a binder. 
[Claim 13] Electrode material according to claim 12 whose content of said binder 
is 1 - 10 % of the weight. 

[Claim 14] Electrode material according to claim 1 whose content of said particle 
is 80 100 % of the weight 

[Claim 15] Said transition-metals element is electrode material according to 
claim 1 chosen from Cr, Mn, Fe, Co, nickel, Cu : Mo, Tc, Ru, Rh, Pd, Ag, Ir, Pi, 
Au, Ti, V, Y, Sc, Zr, Nb, Hf, Ta, and W. 
[Claim 16] Furthermore, electrode material according to claim 1 whose content 
of the oxygen element contained in said alloy particle is 5 or less % of the weight 
0.05 % of the weight or more. 

[Claim 17] Furthermore, electrode material according to claim 1 whose content 
of the oxygen element contained in said alloy particle is with a weight of 0.1 or 
more 3 or less % of the weight. 

[Claim 18] Furthermore, electrode material according to claim 1 whose content 
of the fluorine element contained in said alloy particle is 5 or less % of the weight. 
[Claim 19] Furthermore, electrode material according to claim 1 whose content 
of the fluorine element contained in said alloy particle is 3 or less % of the weight. 
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[Claim 20] Electrode materia! according to claim 1 whose content of the oxygen 
contained in said particle is 0.05 - 5 % of the weight. 
[Claim 21] Electrode material according to claim 1 whose content of the fluorine 
atom contained in said particle is 5 or less % of the weight 
[Claim 22] Said aSioy is electrode material according to claim 1 which is an alloy 
containing carbon, 
[Claim 23] Electrode material according to claim 1 which contains at least one 
element chosen from three groups who consist of said alloy, the group 1 who 
consists of Pb, Bi, aluminum, Ga, In, Tl, Zn, Be, Mg, calcium, and Sr, the group 2 
who consists of a rare earth metallic element, and the group 3 who changes from 
a metalloid element to a list. 

[Claim 24] Said alloy Electrode material containing two elements chosen from 
three groups who consist of the group 1 who consists of Pb, Bi, aluminum, Ga, In, 
Tl, Zn, Be, Mg, calcium, and Sr, the group 2 who consists of a rare earth metallic 
element, and the group 3 who changes from a metalloid element to a list 
according to claim 23. 

[Claim 25] Said alloy Electrode material according to claim 23 which contains at 
least three elements chosen from three groups who consist of the group 1 who 
consists of Pb, Bi, aluminum, Ga, In, Tl, Zn, Be, Mg, calcium, and Sr, the group 2 
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who consists of a rare earth metallic element, and the group 3 who changes from 
a metalloid element to a fist. 

[Claim 26] Said alloy Electrode material according to claim 23 which contains at 
least one element chosen from the group 1 who consists of Pb, Bi, aluminum, 
Ga, In, It Zn, Be, Mg, calcium, and Sr, and one element chosen from the group 

2 who consists of a rare earth metallic element. 
[Claim 27] Said alioy Electrode material according to claim 23 which contains at 
feast one element chosen from the group 1 who consists of Pb, Bi, aluminum, 
Ga, In, II, Zn, Be, Mg, calcium, and Sr, and one element chosen from the group 

3 who consists of a metalloid element. 
[Claim 28] Said alloy is electrode materia! according to claim 23 which contains 
at least one element chosen from the group 3 who consists of a metalloid 
element, and one element chosen from the group 2 who consists of a rare earth 
metallic element. 
[Claim 29] Said alloy Electrode material according to claim 23 which contains at 
least one element chosen from the group 1 who consists of Pb, Bi, aluminum, 
Ga, In, Tl, Zn, Be, Mg, calcium, and Sr, one element chosen from the group 2 
who consists of a rare earth metallic element, and one element chosen from the 
group 3 who changes from a metalloid element to a list, 
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[Claim 30] Said rare earth metallic element is electrode material according to 
claim 23 chosen from La, Ce, Pr, Nd, Sm, £u, Gd, Tb, Dy, Ho, Er, Tm, Yh, and 
Lu, 

[Claim 31] Said metailoid element is electrode material according to claim 23 
chosen from B, C, Si, P, germanium, As, Se, Sb, and Te. 
[Claim 32] Said alloy is the electrode material containing one element chosen 
from the group who consists of Si, germanium, aluminum, Zn, calcium, La, and 
Mg, and one element chosen from the group who consists of Co, nickel, Fe, Cr, 
and Cu according to claim 1. 

[Claim 33] Said alloy is the electrode material containing one element chosen 
from the group who consists of Si, germanium, aluminum, Zn, calcium, La, and 
Mg, one element chosen from the group who consists of Co, nickel, Fe, Cr, and 
Cu, and one element chosen from the group who consists of C, B, and P 
according to claim 1. 

[Claim 34] The mean particle diameter of said alloy particle is 0.5-micron or more 
electrode material according to claim 1 which is 20 microns or less, 
[Claim 35] The mean particle diameter of said alloy particle is 0.5-micron or more 
electrode materia! according to claim 1 which is 10 microns or less. 
[Claim 38] The specific surface area of said ailoy particle is electrode material 
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according to claim 1 which is more than 1m2/g. 
[Claim 37] The specific surface area of said alloy particle is electrode material 
according to claim 1 which is more than 5m2/g. 
[Claim 38] Electrode material according to claim 1 in which said alloy contains Li 
element below 30 atom % more than 2 atom %. 
[Claim 39] Said alloy is electrode material according to claim 1 which contains 
one or more kinds of elements chosen from N and S 30% or less 1% or more, 
[Claim 40] The eiectrode structure which consisted of a lithium and a charge 
collector which consists of the ingredient which is not alloyed according to said 
electrode material according to claim 1 io 39 and electrochemical reaction, 
[Claim 41] The electrode structtfre according to claim 40 by which said electrode 
material is formed on the charge collector. 
[Claim 42] The electrode structure according to claim 40 said whose alioy 
content in said electrode structure is 25 % of the weight or more. 
[Claim 43] The electrode structure according to claim 40 whose content of said 
alloy in said particle is 30 % of the weight or more. 
[Claim 44] The electrode structure according to claim 40 by which said electrode 
structure is constituted from an electrode material layer which consists of said 
electrode material and binder, and a charge collector, 
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[Claim 45] The electrode structure according to claim 40 by which said electrode 
structure is constituted from said electrode material, an eiectric conduction 
nominal member, an electrode materia! layer that consists of a binder, and a 
charge collector. 
[Claim 46] The electrode structure according to claim 44 or 45 to which said 
binder changes from water-soluble organic polymeric materials. 
[Claim 473 The rechargeable battery which possessed the negative electrode, 
electrolyte, and positive electrode using said electrode structure according to 
claim 40 to 46, and used oxidation reaction of a lithium, and the reduction 
reaction of a lithium ion. 

[Claim 48] Said positive electrode is a rechargeable battery according to claim 

47 which consists of the matter of the lithium element content which the lithium 
ion by the charge-and-discharge reaction intercalates or d ©intercalates. 
[Claim 49] Said positive electrode is a rechargeable battery according to claim 

48 constituted with the positive-aciive-material ingredient which has the 
intercalation function and deintercalaiion function of a lithium ion by the 
charge-and-discharge reaction, and has an amorphous phase. 
[Claim 50] Said positive-acttve-materiai ingredient is a rechargeable battery 
according to claim 49 which is an ingredient containing an amorphous substance 
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metallic oxide. 
[Claim 51] The manufacture approach of the electrode structure characterized 
by having the process which allots said electrode material according to claim 1 
to 39 on a charge collector in the manufacture approach of the electrode 
structure for lithium secondary batteries. 

[Claim 52] The manufacture approach of the electrode structure according to 
claim 51 which has the process which allots said electrode material on said 
charge coi lector using press -forming processing. 

[Claim 53] The manufacture approach of the electrode structure according to 
claim 51 which has the process which arranges this paste on said charge 
collector after mixing a solvent a binder and if needed to said electrode material 
and preparing a paste. 

[Claim 54] The manufacture approach of the electrode structure according to 
claim 53 that said binder consists of water-soluble organic polymeric materials. 
[Claim 55] The manufacture approach of the rechargeable battery characterized 
by having the process which carries out opposite arrangement of this electrode 
structure and said positive electrode through said electrolyte using the electrode 
structure which allotted electrode material according to claim 1 to 39 on the 
charge collector as said negative electrode in the manufacture approach of a 
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rechargeable battery of providing a negative electrode, an electrolyte, and a 
positive electrode and using oxidation reaction of a lithium, and the reduction 
reaction of a lithium ion. 

[Claim 56] The manufacture approach of a rechargeable battery according to 
claim 55 of having the process which allots said electrode material on said 
charge collector by the press-forming method. 
[Claim 57] The manufacture approach of a rechargeable battery according to 
claim 55 of having the process which arranges this paste on said charge 
collector after mixing a solvent a binder and if needed to said electrode material 
and preparing a paste, 

[Claim 58] The manufacture approach of a rechargeable battery according to 
claim 57 that said binder consists of water-soluble organic polymeric materials. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] This invention relates to the lithium secondary batteries 
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using oxidation reaction of the negative-electrode electrode materia! for 
rechargeable batteries, the electrode structure, and a lithium, and the reduction 
reaction of a lithium ion, and these manufacture approaches, This invention 
reiates to the long negative-electrode electrode material for rechargeable 
batteries, the electrode structures which used it and rechargeable batteries, and 
those manufacture approaches of a cycle life by high capacity more at a detail, 
[0002] 

[Description of the Prior Art] Since C02 capacity contained in atmospheric air is 
increasing recently, possibility that warming of the earth will arise according to 
the room temperature effectiveness is pointed out. Although the heat energy 
which a thermal power station burns a fossil fuel etc. and is obtained is 
transformed into electrical energy, in order to discharge C02 gas so much by 
combustion, it is becoming difficult to build a new thermal power station. 
Therefore, it stores in the rechargeable battery which installed power in ordinary 
homes as a deployment of the power made with generators, such as a thermal 
power station, in the night which is dump power, and a ioad is equalized at day 
ranges with much power consumption using this. The so-called load leveling is 
being proposed. 
[0003] Moreover, for the electric vehicle application which has the description of 
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not discharging the matter in connection with the air pollution containing COx, 
NOx, a hydrocarbon, etc., development of the rechargeable battery of a high 
energy consistency is expected. Furthermore, for the power-source application 
of portable devices, such as a book mold personal computer, a word processor, 
a video camera, and a cellular phone, development of a small, lightweight, and 
highly efficient rechargeable battery is pressing need. 
[0004] Development of the so-called "lithium ion battery" of the rocking chair 
mold which used for the negative-electrode matter the carbon ingredient 
represented by the graphite which can intercalate in the positive-electrode 
matter the lithium intercalation compound which is a reaction at the time of 
charge and deintercalates a lithium ton from between layers as such a small, 
lightweight, and highly efficient rechargeable battery between the layers of the 
six membered ring reticulated fiat surface formed by the carbon atom in a lithium 
ion progresses, and a part is being put in practical use. 
[0005] However, in this "lithium ion battery", since the negative electrode which 
consists of carbon ingredients can intercalate only a maximum of 1/per carbon 
atom only of lithium atoms of 6 theoretically, the rechargeable battery of the high 
energy consistency which is equal to the lithium primary cell when using a metal 
lithium for the negative-electrode matter is unrealizable. When it is going to 
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intercalate the amount of lithiums more than the amount of theory in the negative 
electrode which consists of carbon of a "lithium ion battery" at the time of charge, 
or when it charges on condition that high current density, a lithium metai grows 
up to be a carbon negative-electrode front face in the shape of a dendrite (tree), 
and cycle life sufficient in the "lithium ion battery" which may result in the internal 
short circuit between a negative electrode and a positive electrode in the repeat 
of a charge-and-discharge cycle eventually, and exceeds the geometric capacity 
of a graphite negative electrode is not acquired. 
[0006] On the other hand, although the lithium secondary battery of the high 
capacity which uses a metai lithium for a negative electrode attracts attention as 
a rechargeable battery in which a high energy consistency is shown, it has not 
resulted in utilization. The reason is because the cycle life of charge and 
discharge is very short. It thinks, if it is in there being a part which a metal lithium 
reacts with impurities, such as moisture in the electrolytic solution, and an 
organic solvent as a main cause with the very short cycle life of charge and 
discharge, a metal lithium foil front face is not flat in forming the insulator layer, 
and electric field concentrate, and a lithium metal growing up to are the shape of 
a dendrite by the repeat of charge and discharge owing to this, causing the 
interior short circuit between a negative electrode and a positive electrode, and 
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resulting in a life. 

[0007] Moreover, since the energy which a cell has Is consumed in the short 
circuit section for a short time when the dendrite of an above-mentioned lithium 
grows and a negative electrode and a positive electrode change into a short 
circuit condition, a cell generates heat, or the solvent of the electrolytic solution 
decomposes with heat, and generates gas, and the internal pressure in a cell 
may carry out high relaxation, Anyway, the breakage and life lowering of a cell 
by the short circuit become caused [ tend 3 by growth of a dendrite, 
[0008] In order to suppress reaction progress with a metal lithium, and the 
moisture in the electrolytic solution and organic solvent which are the trouble of 
the rechargeable battery using an above-mentioned metal lithium negative 
electrode, the approach using the lithium alloy which becomes a negative 
electrode from a lithium, aluminum, etc. is proposed. However, since the lithium 
alloy is hard and it cannot wind in the shape of a spiral in this case, the actual 
condition is having not resulted [ from the reasons of that production of a spiral 
cylindrical shape cell cannot be performed, that a cycle life is not fully prolonged, 
the energy density which is equal to the cell which used the metal lithium for the 
negative electrode fully not being obtained ] in wide range utilization, 
[0009] In addition, the aforementioned aluminum, cadmium, an indium, tin, 
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antimony, lead, a bismuth, etc. are mentioned as a metal which forms a lithium 
and an alloy at the time of charge, and the alloy which consists of these metals 
and these metals, and the rechargeable battery which used the alloy of these 
metals and a lithium for the negative electrode are indicated by JP,8-64239A 
JP.3-62464A JP,2-12768A JP.62-113366A JP.62-15761A JP,62-93866A, 
and JP.54-78434A- 
[0010] However, when it uses as a negative electrode of a rechargeable battery 
(rechargeable battery which used the lithium as the active material) as plate-like 
part material which does not specify the configuration of a negative electrode in 
the rechargeable battery of a publication in these disclosure official report, and 
includes the shape of a foil which is a general configuration about the 
above-mentioned alloy ingredient, the surface area of the part which contributes 
to the cell reaction in an electrode materia! layer is smaii, and the charge and 
discharge in a high current are difficult. 

[0011] Furthermore, in the rechargeable battery using the above-mentioned 
alloy ingredient as a negative electrode, contraction takes piace at the time of 
the cubical expansion by alloying with the lithium at the time of charge, and 
bleedoff, this volume change is large and a crack enters [ an electrode ] in 
response to distortion. And since there is a problem of pulverization happening, 

959716/D/1 



and the impedance of an electrode rising and causing towering of a cell cycle life 
when a charge-and-discharge cycle is repeated, the actual condition is having 
not resulted in utilization, 

[0012] On the other hand, it is 8TH. INTERNATIONAL MEETING ON LITHIUM 
EXTENED of BATTERIES ABSTRACTS In WED-2 (P69-72) By making tin or an 
alloy deposit on a copper wire with a diameter of 0.07mm electrochemically A 
layer with a fine (200-400nm) grain size can be formed, and it is reported by the 
cell which made the counter electrode the electrode which made thickness of a 
deposit thin (about 3 micrometers), and the lithium that a charge-and-discharge 
cycle life improves, 

[0013] the above-mentioned reference -- the current density of 0.25 mA/cm2 - 
up to 1.7 Li/Sn {it alloys with 1,7 U(s) per tin 1 atom) - charging - 0.9VvsLs/U+ 
In the assessment which repeated discharge up to -- As opposed to the 
electrode whose grain size (particle size) which was made to deposit a tin alloy 
similarly on the charge collector with a diameter of 1.0mm of copper wire, and 
was obtained is 2000-4000nm It is reported that the electrode of an 
SnQ.91Ag0.09 alloy electrode [ about 4 times and ] of a 200-400nm tin particle 
improves, and the life of an Sn0.72Sb0.28 alloy electrode f about 9 times and ] 
improves about 11 times, 
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[0014] However, the electrode which the above-mentioned reference used the 
lithium for the counter electrode, and was not evaluated, and the result in a 
actual cell gestait is not reported, and consists of a particle of the above sizes is 
made to deposit on the charge collector with a diameter of 0.07mm of copper 
wire, is produced, and is not the thing of a practical electrode configuration. 
Moreover, although the layer whose field granulation child size (particle size) 
who made the tin alloy deposit by the approach that it is the same on the field of 
a large area called the diameter of 1.0mm is 2000-4000nm is formed as 
mentioned above, the life as a cell is failing remarkably. 
[0015] In the cell which used various lithium alloys, by JP,5-234585,A, the metal 
powder which cannot generate a lithium and an intermetallic compound easily 
on a lithium front face is made to adhere to a negative electrode uniformly, the 
deposit of a dendrite is controlled, and the cell which raised charging efficiency 
and raised the cycle life is indicated at JP ( 5~190171,A ( JP.5-47381A 
JP.63-114057A and JP, 63-1 3264 A However, it cannot become the decisive 
approach all develop the life of a negative electrode by leaps and bounds. 
[0016] Although the lithium secondary battery which was excellent in the 
charge-and-dtscharge property which used for the negative electrode the lithium 
alloy which alloyed eSectrochemicaliy the amorphous alloy which made the 
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tabular aluminium alloy the main examples, and the lithium is indicated in 
J P, 63- 13267 A. high capacity is maintained and the cell of the cycle life of a 
practical use field cannot be realized, 

[0017] Moreover, although the rechargeable battery which used the low crystal 
or the amorphous intermetallic compound of an element of aluminum, 
germanium, Pb, Si, Sn, and Zn for the negative electrode and which was 
excellent in the cycle property with high capacity is indicated in J P, 10-223221, A, 
Sow crystallization or amorphous- izing of an intermetallic compound is difficult, 
and it is high capacity, and the ceil of a long cycle life cannot be realized. 
[0018] Thus, in the lithium secondary battery (the rechargeable battery which 
used oxidation reaction of the lithium by charge and discharge and the reduction 
reaction of a lithium ion after that will be caiied a lithium secondary battery 
including the lithium ion battery" which uses a carbon ingredient for a negative 
electrode), buildup of an energy density and the reinforcement of a cycle life 
have been a big technical problem. 

[0019] 

|Problern(s) to be Solved by the invention] This invention is made in view of the 
above-mentioned situation, and aims to let the useful negative-electrode 
electrode material for rechargeable batteries and the useful electrode structure, 
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and a cycle life offer the long rechargeable batteries of a high energy 
consistency, and these manufacture approaches to the rechargeable battery 
which used oxidation reaction of a lithium, and the reduction reaction of a lithium 
ion especially. 
[0020] 

[Means for Solving the Problem] The negative-electrode electrode materia! for 
lithium secondary batteries of this invention is characterized by containing the 
particle which used the amorphous Sn-A-X alloy of a non-stoichiometric ratio 
presentation as the principal component, among the above-mentioned formula, 
a kind was shown at least and A was chosen from the group of transition metals 
to which X changes from 0, F, N, Mg, 8a, Sr, calcium, La, Ce, Si, germanium, C, 
P, B, Bi, Sb, aluminum, in, S, Se, Te, and Zn a kind is shown at least. However, 
X does not need to contain. Moreover, in the atomic number of each atom of the 
above-mentioned formula, if has the relation of Sn/(Sn+A+X) =20 - 80 atom %. 
[0021] "The alloy of a non-stoichiometric ratio presentation" of the 
above-mentioned publication is an alloy which two or more sorts of metallic 
elements have not combined by the easy integer ratio. The intermetallic 
compound with which two or more sorts of metallic elements have combined this 
"alioy of a non-stoichiometric ratio presentation" by the easy integer ratio is 
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different, the elementary composition of the intermetallic compound (the crystal 
structure which has regular atomic arrangement and is completely different from 
a configuration metal is taken) which is more specifically well-known already, i.e., 
the presentation as which two or more sorts of metallic elements are expressed 
in the structure expression combined by the easy integer ratio, (stoichiometric 
composition) ~~ since - the presentation shifted is called "non-stoichiometric 
composition" by this invention. 

[0022] The electrode structure of this invention is characterized by consisting of 
a lithium and a charge collector which consists of the ingredient which is not 
alloyed according to said negative-electrode electrode material for iithium 
secondary batteries and electrochemical reaction. 
[0023] The rechargeable battery of this invention is characterized by consisting 
of positive electrodes which are the negative electrode of said electrode 
structure, an electrolyte, and the intercalation matter of a lithium ion. 
[0024] The manufacture approach of the electrode structure of this invention is 
characterized by having the process which allots said negative-electrode 
electrode material for rechargeable batteries on a charge collector in the 
manufacture approach of the electrode structure for lithium secondary batteries. 
[0025] The manufacture approach of the rechargeable battery of this invention is 
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the manufacture approach of a rechargeable battery of providing a negative 
electrode, an electrolyte, and a positive electrode and using oxidation reaction of 
a lithium, and the reduction reaction of a lithium ion, and is characterized by 
having the process which carries out opposite arrangement of this electrode 
structure and said positive electrode through said electrolyte using the electrode 
structure which allotted said negative-electrode electrode material for 
rechargeable batteries on the charge collector as said negative electrode. 
[0026] Hereafter, this invention is explained concretely. As for the 
negative-electrode electrode material for rechargeable batteries of this invention 
{it is hereafter written as electrode materia!.), it is desirable to consist of an 
ingredient containing the particle which used the amorphous Sn-A-X alloy of a 
non-stoichiometric ratio presentation as the principal component. 
[0027] in the amorphous Sn-A-X alloy, a kind was shown at feast and A was 
chosen from the group of transition metals to which X changes from O, F, M, Mg, 
Ba, Sr, calcium, La, Ce, Si, germanium, C, P, B t Bi, Sb, aluminum, In, S, Se, Te, 
and Zn a kind is shown at least However, even if X contains, it is not 
necessary to contain it. Moreover, in the atomic number of each atom of the 
above-mentioned formula, it is desirable that the rate of the number of tin atoms 
to the number of the atoms of all the elements in an alloy (sum total of a tin atom, 
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A atom, and X atom) has the relation of Sn/(Sn+A+X) -20 - 80 atom %. 
[0028] As for said amorphous alioy, it is desirable for 0,2 degrees or more of 0.5 
degrees or more of full width at half maximum which appears in the range of X 
diffraction 2theta=25 degree-50 degree of CuK alpha rays to be 1.0 degrees or 
more still more preferably preferably. 

[0029] Moreover, as for said amorphous aiioy, it is desirable for 0.5 degrees or 
more of full width at half maximum which appears in the range of X diffraction 
2theta=40 degree-50 degree of CuK alpha rays to be 1.0 degrees or more 
preferably. 

[0030] It is desirable for 500A or less of 200A or less of magnitude of the 
microcrystal calculated from X-ray diffraction analysis of said alloy particle to be 
100A or less still more preferably preferably. It is desirable that the mean particle 
diameter of said particle is 0.5-20 micrometers, and it is more desirable that it is 
0.5-10 micrometers. 
[0031] It is desirable that the content of said alioy in said particle is 30 % of the 
weight or more. Furthermore, in electrode material, a water soluble polymer 
ingredient shall be contained as a binder, it is desirable that the content of said 
binder is 1 - 10 % of the weight. 
[0032] It is desirable thai the content of said particle in electrode material is 80 - 
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100 % of the weight 

[0033] As for said transition-metals element, it is desirable to be chosen from Cr, 
Mn, Fe, Co, nickel, Cu, Mo, Tc, Ru, Rh, Pd, Ag, Ir, Pt, Au, Ti, V, Y, Sc. Zr, Nb, Hf, 
Ta, and W. 

[0034] Said alloy particle may be made to contain an oxygen element, a fluorine 
element or an oxygen element, and a fluorine element as a little element. It is 
desirable for the content of the oxygen element contained in said alloy particle to 
be with a weight of 0.1 or more 3 or less % of the weight 5 or less % of the 
weight 0.05 % of the weight or more preferably. 
[0035] Furthermore, it is desirable for the content of the fluorine element 
contained in said alloy particle to be 3 or less % of the weight preferably 5 or 
less % of the weight. Moreover, it is desirable that the content of the oxygen 
contained in said particle is 0.05 - 5 % of the weight. Moreover, it is desirable 
that the content of the fluorine atom contained in said particle is 5 or less % of 
the weight. 
[0036] As for said alloy, it is desirable that it is an alloy containing carbon. Said 
alloy shall contain at least one element chosen from three groups who consist of 
the group 1 who consists of Pb, Bi, aluminum, Ga, ln t Ti, Zn, Be, Mg, calcium, 
and Sr, the group 2 who consists of a rare earth metallic element, and the group 
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3 who changes from a metalloid element to a list. 
[0037] As for said metalloid element, what is chosen from B, C s Si, P, germanium, 
As, Se, Sb, and Te is desirable, 

[0038] As for said rare earth metallic element, what is chosen from La, Ce, Pr, 
Nd, Sm f Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu is desirable. 
[0039] Said alloy shall contain two elements chosen from three groups who 
consist of the group 1 who consists of Pb, Bi, aluminum, Ga, In, II, Zn, Be, Mg, 
calcium, and Sr, the group 2 who consists of a rare earth metallic element, and 
the group 3 who changes from a metalloid element to a list 
[0040] Said alloy shall contain at least one element chosen from the group 1 who 
consists of Pb, Bi, aluminum, Ga, in, 71, Zn, Be, Mg, calcium, and Sr, and one 
element chosen from the group 2 who consists of a rare earth metallic element 
[0041] Said alloy shall contain at least one element chosen from the group 1 who 
consists of Pb, Bi, aluminum, Ga, In, Ti, Zn, Be, Mg, calcium, and Sr, and one 
element chosen from the group 3 who consists of a metalloid element. 
[0042] Said alloy shall contain at least one element chosen from the group 3 who 
consists of a metalloid element, and one element chosen from the group 2 who 
consists of a rare earth metallic element. 
[0043] Said alloy shall contain at least three elements chosen from three groups 
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who consist of the group 1 who consists of Pb ( Bi, aluminum, Ga, In, Tl Zn, Be, 
Mg, caicium, and Sr, the group 2 who consists of a rare earth metallic element, 
and the group 3 who changes from a metalloid element to a list. 
[0044] Said alloy shall contain at least one element chosen from the group 1 who 
consists of Pb, Bi, aluminum, Ga, In, II, Zn, Be, Mg, calcium, and Sr, one 
element chosen from the group 2 who consists of a rare earth metallic element 
and one element chosen from the group 3 who changes from a metalloid 
element to a list. 

[0045] Said alloy shai! contain one element chosen from the group who consists 
of Si, germanium, aluminum, Zn, calcium, La, and Mg, and one element chosen 
from the group who consists of Co, nickel, Fe, Cr, and Cu. 
[0046] Said alloy shall contain one element chosen from the group who consists 
of Si, germanium, aluminum, Zn, calcium, La, and Mg, one element chosen from 
the group who consists of Co, nickel, Fe, Cr, and Cu, and one element chosen 
from the group who consists of C, B, and P. 
[0047] As for the mean particle diameter of said alloy particle, it is desirable for 
20 microns or less to 0.5-micron or more be 1 microns or more 10 microns or 
less preferably. As for the specific surface area of said alloy particle, it is 
preferably desirable that it is more than 5m2/g more than 1m2/g. It is desirable 

959716/D/1 



that said alloy contains Li element below 30 atom % more than 2 atom %. Said 
alloy shall contain one or more kinds of elements chosen from N and S 30% or 
less 1% or more, 

[0048] Next, the electrode structure of this invention is constituted from a lithium 
and the charge collector which consists of the ingredient which is not alloyed by 
said electrode materia! and electrochemical reaction. 
[0049] It is desirable thai said electrode material is formed on a charge collector. 
It is desirable that said alloy content in said electrode structure is 25 % of the 
weight or more. It is desirable that the content of said alloy in said particle is 
30 % of the weight or more. It is desirable that said electrode material contains 
water-soluble organic polymeric materials as a binder of said particle. 
[0050] Next, the rechargeable battery of this invention is a rechargeable battery 
which possessed the negative electrode which used the above-mentioned 
electrode structure, the electrolyte, and the positive electrode, and used 
oxidation reaction of a lithium, and the reduction reaction of a Sithium ion. 
[0051] As for said positive electrode, it is desirable to be constituted by the 
positive-active-material ingredient which has the intercalation function of the 
lithium ion by the charge-and-discharge reaction and the deintercaiation function 
of a lithium ion, and has an amorphous phase. As for said 
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positive-actfve-materiai ingredient, it is desirable that it is an ingredient 
containing an amorphous substance metaiiic oxide. 
[0052] Next, the manufacture approach of the eiectrode structure of this 
invention is characterized by having the process which ailots the 
above-mentioned eiectrode material on a charge col Sector. 
[0053] St is desirabie to have the process which forms said eiectrode material on 
said charge collector by the press-forming method. After mixing a binder to said 
electrode materia!, adding a solvent if needed and preparing a paste, it is 
desirabie to have the process which arranges this paste on said charge collector. 
[0054] Next, the manufacture approach of the rechargeable battery of this 
invention is the manufacture approach of a rechargeable battery of providing a 
negative electrode, an electrolyte, and a positive eiectrode and using oxidation 
reaction of a lithium, and the reduction reaction of a lithium ion, and is 
characterized by having the process which carries out opposite arrangement of 
this eiectrode structure and said positive electrode through said electrolyte using 
the electrode structure which allotted the above-mentioned eiectrode material on 
the charge collector as said negative electrode. 
[0055] It is desirabie to have the process which forms said electrode material on 
said charge collector by the press-forming method. After fabricating said 
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electrode material in the shape of a paste, it is desirable to have the process 
which arranges this paste on said charge collector. 
[0056] 

[Embodiment of the Invention] in the rechargeable battery which used oxidation 
reaction of a lithium, and the reduction reaction of a lithium ion by 
electrochemical reaction, this invention persons are using the electrode structure 
using the electrode materia! containing the particle (it being hereafter described 
as a "amorphous alloy particle") which used the amorphous Sn-A-X alloy of a 
lithium and the non-stoichiometric ratio presentation to alloy as the principal 
component by the electrochemical reaction at the time of charge at least for a 
negative electrode, and found out that a long lasting lithium secondary battery 
could be offered by high capacity. 

[0057] The [electrode structure] Drawing 1 is the conceptual diagram showing 
typically the cross section of the electrode structure 102 using the electrode 
material containing a lithium and the amorphous alloy particle of the 
non-stoichiometric ratio presentation to alloy according to the electrochemical 
reaction of this invention. Drawing 1 (a) shows the electrode structure 102 by 
which the electrode material layer 101 containing the above-mentioned lithium 
and the amorphous alloy particle to alioy was formed on the charge collector 1 00, 
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Drawing 1 (b) shows that the electrode structure 102 in which the electrode 
material layer 101 containing an amorphous alloy particle was formed consists 
of the lithium, an amorphous alloy particle 103 of the non-stoichiometric ratio 
presentation to alloy, an electric conduction nominal member 104, and a binder 
105 according to powder-like electrochemical reaction. In addition, in this 
drawing, although the electrode material layer 101 is formed only in one side of a 
charge collector 100, depending on the gestalt of a cell, it can prepare in both 
sides of a charge collector 100. 

[0058] By being formed from the amorphous alloy particle of the 
non-stoichiometric ratio presentation in which a negative electrode forms an 
alloy with a lithium by electrochemical reaction, a skimmer (space) is made 
between particles, and since the space which can permit expansion of the 
amorphous alloy particle at the time of charge is secured, destruction of an 
electrode is controlled. Furthermore, cubicai expansion can be reduced at the 
time of alloying with a lithium because this amorphous alloy particle has an 
amorphous phase. Therefore, when it uses for the negative electrode of a lithium 
secondary battery, there is little expansion contraction of the electrode material 
layer of the negative electrode in charge and discharge, and it enables 
degradation to attain few rechargeable batteries also by the repeat which is a 

959716/D/1 



charge-and-discharge cycle. When the negative electrode consists of the tabular 
metal which forms an ailoy with a lithium by electrochemical reaction temporarily, 
expansion of the negative electrode at the time of charge is large, and by 
repetition of charge and discharge, a crack occurs, destruction of a negative 
electrode takes place, and it cannot attain a long lasting rechargeable battery. 
[0059] Below, an example of the production approach of the electrode structure 
102 is explained. 

[0060] (1) In the electrode structure 102 of drawing 1 (a), the electrode material 
layer 101 containing a lithium and the amorphous alloy particle to ailoy can be 
formed on the direct charge collector 100 by technique of having an amorphous 
phase, such as press forming of an amorphous alloy particle. 
[0061] (2) In the electrode structure 102 of drawing 1 (b), mix the amorphous 
alloy particle 103 to alloy, the electric conduction nominal member 104, and a 
binder 105 with a lithium, add a solvent, adjust viscosity, and prepare a paste. 
Subsequently, a paste is appfied on a charge collector 100, it dries and the 
electrode structure 102 is formed. Thickness is adjusted by a roll press etc. if 
needed. 

[0062] [Charge collector 100] Or a charge collector 100 supplies efficiently the 
current consumed by the electrode reaction at the time of charge, it is bearing 
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the duty which collects the current generated at the time of discharge. When 
applying especially the electrode structure 100 to the negative electrode of a 
rechargeable battery, construction material with it is desirable. [ high and 
electrical conductivity and ] [ inactive to a ceil reaction as an ingredient which 
forms a charge collector 100 ] As desirable construction material it is a lithium 
and the ingredient which is not alloyed in electrochemical reaction, and what 
consists of one or more kinds of metallic materials chosen from copper, nickel, 
iron, a stainless steel, and titanium is mentioned. Moreover, as a configuration of 
a charge collector, although it is tabular, with tabular [ this / "tabular" j ( about 
thickness, it is not specified on the range of practical use, but the gestalt called 
the thickness of about 100 micrometers or so-called "foil" not more than it is aiso 
included. Moreover, the member and punching metal which are tabular, for 
example, make the shape of the shape of a mesh and sponge and fibrous, an 
expanded metal, etc. are aiso employable. 

[0063] [Electrode material layer] Even if an eiectrode material layer is a layer 
which consists of electrode material containing the amorphous alloy particle of 
the non- stoichiometric ratio presentation which forms an alloy with a lithium by 
electrochemical reaction and it is the layer which consisted of only said 
amorphous alloy particles, an amorphous alloy particle, an electric conduction 
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nominal member, the macromolecule material as a binder, etc. may be the 
compound-ized layers. By adopting said amorphous ailoy particle as the charge 
of a principal member of an electrode materia! layer, when it is used for the 
negative electrode of a lithium secondary battery, the crack generated by the 
expansion at the time of charge of an electrode material layer and repetition of 
charge and discharge is controlled. 

[0064] Said compound-ized layer applies [ it adds an electric conduction nominal 
member and a binder to an amorphous alloy particle suitably, is mixed, and ] and 
carries out pressing, and is formed. In order to enable it to apply easily, it is also 
desirable to add a solvent into the above-mentioned mixture and to make it the 
shape of a paste. As the above-mentioned method of application, the 
coating-machine method of application and screen printing are applicable, for 
example. Moreover, it is also possible to carry out pressing only of the 
above-mentioned principal member and the electric conduction nominal member 
on a charge collector, without mixing a binder or a binder with the 
above-mentioned principal member and an electric conduction nominal member, 
without adding a solvent, and to form an electrode material layer. 
[0065] The alloy of the non-stoichiometiic ratio presentation in this invention 
shows the alloy which two or more sorts of metallic elements have not combined 
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by the easy integer ratio. Although what takes the crystal structure which two or 
more sorts of metallic elements have association and regular atomic 
arrangement by the easy integer ratio, and is incidentally completely different 
from a configuration metal is known as an intermetallic compound, the alloy of a 
non-stoichiometric ratio presentation of this invention differs from this 
intermetallic compound. For example, although it is generally widely known for 
the Sn-Co alloy that the presentation of Sn2Co3 and SnCo to which the atomic 
ratio of Sn and Co is expressed with an easy integer ratio, and Sn2Co is an 
intermetallic compound, the presentation ratio of the Sn-Co alloy of the 
non-stoichiometric composition of this invention has shifted from the 
presentation ratio of these intermetallic compounds, as shown in the 
below-mentioned example. 
[0066] preparation of an amorphous alloy particle - as a raw material - two or 
more kinds of elements desirable - three or more kinds of elements - an 
amorphous alloy is more preferably prepared using four or more kinds of 
elements. It is desirable to choose the element with which atomic proportions 
with the main element differ about 10% or more as elements other than the tin of 
the main element by the above-mentioned element. For example, as an element 
of the atomic radius of 1.1 times or more of the atomic radius of tin, Ce : Sr, Ba : 
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calcium, Pb, Bi, La, etc. are mentioned, and Ru, germanium, Zn, Cu, nickel, Co, 
Fe, Mn, Cr, V, S, P, Si, Be, 8, C, N, etc, are mentioned as an element of a 0.9 or 
less-time atomic radius. Moreover, elements other than the main element may 
be mixed from the ingredient which forms the preparation equipment of an alloy. 
[0067] As the preparation approach of an amorphous alioy particle, the approach 
various grinders (mill) perform simultaneously mixing of a direct raw materia!, 
alloying, and amorphous-ization is mentioned. Moreover, after mixing a raw 
material, the alloy made amorphous by approaches, such as the single roll or 
congruence chill roll method which is made to carry out melting and quenches 
an alioy molten metal, the gas atomizing method, the water atomizing method, 
the disk type atomizing method, and a centrifugal quenching method, is 
prepared, and the approach of impalpabie-powder-izing with various grinders 
(mill), and promoting amorphous-ization further is also mentioned. Pulverization 
can raise specific surface area. 

[0068] As the above-mentioned grinder (mill), the high thing of the grindabiiity 
force is good, and a roller mill, a high-speed tumbling mill, a container actuation 
medium mill (ball mill), a medium agitation mill, a jet mtil, etc, can be used as an 
example. For example, it is desirable to use for alloying and amorphous-ization 
container actuation medium mills which can be alloyed, such as a planet ball mill 
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and a vibration bail mill, in the process which repeats the cold pressure welding 
of the various powder which used the collision of a bali in the example of this 
invention, and crushing, 

[0069] As a processing ambient atmosphere of the above-mentioned 
mechanical grinding mixing, the inert gas ambient atmosphere represented by 
argon gas and nitrogen gas is desirable, in order to suppress adhesion of a 
product to the above-mentioned grinding mixing equipment, alcohols can also be 
added at the time of processing. As an amount of the alcohol to add, 10 or 
less % of the weight more than per % of the weight is desirable, and 5 or less % 
of the weight more than per % of the weight is more desirable. 
[0070] In preparation of an alloy particle which has an amorphous phase by 
machine grinding mixing which is the example of representation of the 
above-mentioned mechanical grinding mixing equipment, and which used the 
ball mill, optimization of the construction materia! of a pot (container) and a ball, 
the magnitude (diameter) of a ball and quantity, the amount of a raw material, 
the grinding rate of mixing, etc. is important what has a hard thing (high degree 
of hardness), high density, and thermal conductivity high as construction 
material of a pot and a ball - it comes out, and a certain thing is required and a 
stainless steel etc. is mentioned as a suitable thing. The small thing of the 
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magnitude of a bail is desirable in the range where handling is easy. About the 
effect which various kinds of above-mentioned parameters have, energy 
required for alloying of the momentum of a bail is given, and heat conduction and 
the heat dissipation rate of a bail and a pot (container) waSi are considered to 
give a cooSing rate required for amorphous-izing. 
[0071] Sn which is the component of said amorphous Sn-A-X alloy as a raw 
material of the ailoy particle which has an amorphous phase, The transition 
metals of A, O, F, N, Mg, Ba, Sr, calcium, La, Ce, Si, germanium, C, P, B, Bi, Sb, 
aluminum, in of X, The element of each simple substance of S, Se, Te, and Zn 
may be used as a raw materia!, and the raw materia! which contains said groups' 
1 , 2, and 3 element further may be used. As a configuration of a raw material, a 
powder configuration is desirable. 

[0072] As a binder, polymeric materials are desirable, and although nonaqueous 
solubility organic polymeric materials are also usable as polymeric materials, 
water-soluble organic polymeric materials are more desirable. 
[0073] As an example of the above-mentioned nonaqueous solubility organic 
polymeric materials, polyvinyl fluoride, a PORIBIRINiDEN full ora ~ the id, an 
ethylene tetrafluoride polymer, and 3 fluoride ethylene polymer -- 2 fluoride 
ethylene polymer, an ethylene-ethylene tetrafluoride copolymerization polymer, 
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Fluorine content polymers, such as an ethylene tetrafIuoride-6 fluoride 
| propylene ] copolymerization polymer, an ethylene tetrafluoride-perfluoroaikyl 
vinyl ether copolymerization polymer, and 3 fluoride-salt-ized ethylene polymer, 
Poiyofefines, such as polyethylene and polypropylene, an 
ethylene-propylene-diene terpolymer, silicon resin, a polyvinyl chloride, or a 
polyvinyl butyral is mentioned. 

[0074] Especially, as an example of the water soluble polymer ingredient of the 
desirable binder of this invention, polyvinyl alcohol, a carboxymethyl cellulose, 
methyl cellulose, ethyl cellulose, an isopropyi cellulose, a hydroxym ethyl 
cellulose, hydroxyethyl cellulose, the hydroxypropyl methylcellulose, cyanoethyl 
cellulose, ethyl hydroxyethyl cellulose, starch, a dextran, a puliulan, the poly 
sarcosine, a poiyoxyethylene, Pori N~vinyl pyrrolidone, gum arable, tragacanth 
gum, or polyvinyl acetate is mentioned. 

[0075] In order to hold many amounts of active materials by the time of charge, 
as for the rate of occupying the electrode material layer of the above-mentioned 
binder, it is desirable to consider as 1 - 20% of the weight of the range, and it is 
more desirable to consider as 2 - 10% of the weight of the range. 
[0076] As an electric conduction nominal member, carbon material, such as 
amorphous carbon, such as acetylene black and KETCH I EN black, and graphite 
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structure carbon, nickel, copper, silver, titanium, platinum, aluminum, cobalt, iron, 
chromium, etc. are used. As the electric conduction nominal member concerned, 
a carbon material metallurgy group ingredient is preferably blended and used in 
0 - 30% of the weight of the range of an electrode materia! layer, for example. 
Preferably as a configuration of the above-mentioned electric conduction 
nominal member, the shape of the shape of the shape of a globular shape and a 
flake and a filament, fibrous, the letter of a spike, and a needle etc. is mentioned, 
more preferably, by adopting two or more kinds of different configurations 
chosen from these configurations, the packing consistency at the time of the 
electrode material stratification can be raised, and the impedance of the 
electrode structure can be reduced. 

[0077] [Proper consistency of an active materia! layer] the amorphous alloy 
particle of this invention Since cubica! expansion occurs compared with carbon 
materials, such as the conventional graphite, at the time of charge, the 
consistency of the active material layer (electrode material layer) which mainly 
used the amorphous alloy particle and was produced on the charge collector 
Since peeling with a charge collector will be caused by the cubica! expansion at 
the time of charge, the contact resistance between too low grain children will 
increase and current collection ability will fall if too high, it is preferably good the 

959716/D/1 



range of 2.0 - 3.5 g/cm3 and that it is the range of 2.3 - 3.0 g/cm3 more 
preferably. 

[0078] [Amorphous metal] Although short-distance-order nature has the 
amorphous alloy particie which forms an alloy with a lithium by electrochemical 
reaction, long-distance-order nature is containing the amorphous phase which is 
not, and since it is not accompanied by change of the big crystal structure at the 
time of alloying with a lithium, cubical expansion is small. Therefore, when it 
uses for the negative electrode of a lithium secondary battery, there is little 
expansion contraction of the electrode material layer of the negative electrode in 
charge and discharge, and it enables degradation to attain few rechargeable 
batteries that neither the crack of a negative electrode nor destruction can break 
out easily also due to the repeat which is a charge-and-discharge cycle. 
[0079] It can check whether an amorphous alloy particle contains an amorphous 
phase or it is amorphous by the following analytical method. 
[0080] With the X diffraction chart which took the peak intensity to the angle of 
diffraction by X-ray diffraction analysis by the source of CuK alpha rays, if the 
half peak width of a peak will spread and it will originally turn into a broadcloth 
peak to that of the Sharp ****, if the peak of a crystalline substance contains an 
amorphous phase, and it becomes amorphous thoroughly, an X diffraction peak 
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will no longer be accepted at all. moreover, the thing by which a peak with other 
atoms sharp at the point of a specific distance seen into a crystal with the fixed 
interatomic distance in the radial distribution function which is a function which 
shows which exists appears in the point calculated from the result of X-ray 
diffraction analysis that which was far apart from a certain atom - differing - an 
amorphous substance - if - the consistency in the long distance which 
separated although the consistency in the short distance near atomic magnitude 
was large becomes small, 

[0081] By the electron diffraction pattern obtained by electron diffraction analysis, 
if it moves from the spot pattern of a crystal amorphously, it changes to the ring 
pattern -> diffuse ring pattern -> halo pattern. It has an amorphous phase in case 
of a diffuse ring pattern, and if it is a halo pattern, it can be judged that it is 
amorphous. 

[0082] Furthermore, in differential-scanning-caiorimetry DSC (differential 
scanning calorimeter) analysis, the exothermic peak by crystallization is 
observed with heating {for example, if it is a tin alloy the range of 200 to about 
600 degrees C) of a metal powder with an amorphous phase. 
[0083] The alloy particle which has an amorphous phase is a particle which used 
the Sn-A-X alloy of a non-stotchiometiic ratio presentation as the principal 
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component, a kind was shown at least and A was chosen from the group of 
transition metals to which X changes from 0 ; F, N, Mg, Ba, Sr, calcium, La s Ce s 
Si, germanium, C, P, B, Bi, Sb, aluminum, In, S, Se, Te, and Zn - a kind does 
not need to be shown at least, however X does not need to contain. 
[0084] Moreover, the alloy particle which has an amorphous phase shall contain 
at least one element chosen from three groups who consist of the group 1 who 
consists of Pb, Bi, aluminum, Ga, In, Tl, Zn, Be, Mg, calcium, and Sr, the group 2 
who consists of a rare earth metallic element and the group 3 who changes from 
a metalloid element to a list. 

[0085] Moreover, the alloy particle which has an amorphous phase shall contain 
two elements chosen from three groups who consist of the group 1 who consists 
of Pb, Bi, aluminum, Ga, In, Tl, Zn, Be, Mg, calcium, and Sr, the group 2 who 
consists of a rare earth metallic element and the group 3 who changes from a 
metalloid element to a list. 

[0086] Moreover, the alloy particle which has an amorphous phase shall contain 
at least one element chosen from the group 1 who consists of Pb, Bi, aluminum, 
Ga, In, Tl, Zn, Be, Mg, calcium, and Sr, and one element chosen from the group 
2 who consists of a tare earth metallic element. 
[0087] Moreover, the alloy particle which has an amorphous phase shall contain 
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at least one element chosen from the group 1 who consists of Pb, Bl aluminum, 
Ga, In, Ti, Zn, Be, Mg, calcium, and Sr, and one element chosen from the group 
3 who consists of a metalloid element. 

[0088] Moreover, the alloy particle which has an amorphous phase shall contain 
at least one element chosen from the group 3 who consists of a metalloid 
element, and one element chosen from the group 2 who consists of a rare earth 
metallic element. 
[0089] Moreover, the alloy particle which has an amorphous phase shall contain 
the alloy which contains at least three elements chosen from three groups who 
consist of the group 1 who consists of Pb, Bi, aluminum, Ga, In, II, Zn, Be, Mg, 
calcium, and Sr, the group 2 who consists of a rare earth metallic element, and 
the group 3 who changes from a metalloid element to a list. 
[0090] Moreover, the alloy particle which has an amorphous phase shall contain 
the alloy which contains at least one element chosen from the group 1 who 
consists of Pb, Bi, aluminum, Ga, In, TI, Zn, Be, Mg, calcium, and Sr, one 
element chosen from the group 2 who consists of a rare earth metallic element, 
and one element chosen from the group 3 who changes from a metalloid 
element to a list. 

[0091] Moreover, the alloy particle which has an amorphous phase shall contain 
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the alioy containing one element chosen from the group who consists of Si, 
germanium, aluminum, Zn, calcium, La, and Mg, and one element chosen from 
the group who consists of Co, nickel, Fe, Cr, and Cu. 
[0092] Moreover, the alloy particle which has an amorphous phase shall contain 
the alloy containing one element chosen from the group who consists of Si, 
germanium, aluminum, Zn, calcium, La, and Mg, one element chosen from the 
group who consists of Co, nickel, Fe, Cr, and Cu, and one element chosen from 
the group who consists of C, B, and P. 
[0093] Amorphous-ization becomes easy to take place by using two or more 
kinds of elements with which atomic sizes differ. As for the atomic size of the two 
above-mentioned element, differing 10% or more is desirable, and differing 12% 
or more is more desirable. Furthermore, using three or more elements with 
which atomic sizes differ goes up [ a packing consistency ], an amorphous state 
becomes stability more and amorphous-ization becomes easy to take place by 
not being easy and carrying out atomic diffusion still more easily. 
[0094] As for said said transition-metals element it is desirable that it is the 
element chosen from Cr, Mn, Fe, Co, nickel, Cu, Mo, Tc, Ru, Rh, Pd, Ag, Ir, Pt, 
Au, TL V, Y, Sc, Zr, Nb, Hf, Ta, and W. 
[0095] As for said rare earth metallic element, it is desirable that it is the element 
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chosen from La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy ( Ho, Er, Tm, Yb, and Lu. 
[0096] As for said metalloid element, it is desirabie that it is the element chosen 
from B, C, Si, P, germanium, As, Se, Sb, and Te. 
[0097] The alloy particle which has an amorphous phase shall contain content 
for an oxygen element, a fluorine element, and carbon. 
[0098] As a more concrete alloy particle which has an amorphous phase Consist 
of Co, nickel, Fe, Cu, Mo, Cr, Ag, Zr, Ti, Nb(s), Y, and Mn which were chosen 
from the transition-metals element which is an element of A. A Sn-Co 
amorphous alloy, a Sn-nickel amorphous alloy, a Sn-Fe amorphous alloy, a 
Sn-Cu amorphous alloy, a Sn-Mo amorphous alloy, a Sn-Cr amorphous alloy, a 
Sn-Ag amorphous alloy, a Sn-Zr amorphous alloy, a Sn-Ti amorphous alloy, a 
Sn-Nb amorphous alloy, a Sn-Y amorphous alloy, A Sn~Co-nicke! amorphous 
alloy, a Sn-Co-Cu amorphous alloy, a Sn-Co-Fe amorphous alloy, a Sn-Co-Ag 
amorphous alloy, a Sn-Co-Mo amorphous alloy, a Sn-Co-Nb amorphous alloy, a 
Sn-nickel-Cu amorphous alloy, a Sn-nickei-Fe amorphous alloy, A Sn~Cu-Fe 
amorphous alloy, a Sn-Co-Fe-nickel-Cr amorphous alloy, a 
Sn- Co Fe -nickel •Cr- Mn amorphous alloy, a Sn-Co-Cu-Fe-ntckel-Cr amorphous 
alloy, a Sn-Co-Cu-Fe-nickel-Cr-Mn amorphous alloy, A Sn-Zr-Fe-nickel-Cr 
amorphous alloy, a Sn~Zr-Cu~Fe-nickei-Cr~Mn amorphous alloy, a 

959716/D/1 



Sn-Mo-Fe-nickel-Cr amorphous alloy, a Sn-Mo-Cu-Fe-nickel-Cr-Mn amorphous 
alloy, a Sn-Ti-Fe-nickel-Cr amorphous alloy, A Sn-Ti-Cu-Fe-nickel-Cr-Mn 
amorphous aiioy etc. is mentioned. 

[0099] Furthermore, consist of elements which added one element in C, P, B, La, 
Ce, Mg, aluminum, Zn, Bi, St. germanium, and calcium which were chosen from 
the element of X, As a metal which has said amorphous phase A Sn-Co-C 
amorphous alloy, a Sn-nickel-C amorphous alloy, a Sn-Fe-C amorphous alloy, a 
Sn-Cu-C amorphous alloy, a Sn-Fe-nickel-CrC amorphous alloy, a 
Sn-Co-Fe-nickel-Cr-C amorphous alloy, a Sn-Cu-Fe-nickel-Cr-C amorphous 
alloy, A Sn-Co-Fe-nickel-Cr-Mn-C amorphous alloy, a Sn-Co-Cu-Fe-nickel-Cr-C 
amorphous alloy, a Sn-Co-Cu-Fe-nickel-Cr-Mn-C amorphous alloy, a Sn-Co-Mg 
amorphous alloy, a Sn~nickei-Mg amorphous alloy, a Sn-Fe-Mg amorphous alloy, 
A Sn-Cu-Mg amorphous alloy, a Sn-Co-Mg-Fe-nickel-Cr amorphous alloy, a 
Sn-Cu-Mg-Fe-nicke!-Cr amorphous alloy, a Sn-Mg-Fs-nickel-Cr amorphous 
alloy, a Sn-Co-Si amorphous aiioy, a Sn-nickel-Si amorphous alloy, A Sn-Fe-Si 
amorphous alloy, a Sn Cu-Si amorphous alloy, a Sn-Co-Si-Fe-nickei-Cr 
amorphous alloy, a Sn-Cu-Si-Fe-nickel-Cr amorphous alloy, a 
Sn-Si-Fe-nickel-Cr amorphous aiioy, a Sn-Co~germanium amorphous aiioy, A 
Sn-nickel-germanium amorphous aiioy, a Sn~Fe-germanium amorphous aiioy, a 
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Sn-Cu-germanium amorphous alloy, a Sn-Co-germanium-Fe-nsckel-Cr 
amorphous alloy, a Sn-Cu-germanium-Fe-ntckel-Cr amorphous alloy, a 
Sn-germanium-Fe-nickel-Cr amorphous alloy, A Sn-Co-La amorphous alloy, a 
Sn - nickel -La amorphous alloy, a Sn-Fe-La amorphous alloy, a Sn-Cu-La 
amorphous alloy, a Sn-Co-La-Fe-nickel-Cr amorphous alloy, a 
Sn-Cu-La-Fe-nickel-Cr amorphous alloy, A Sn-La-Fe-nickei-Cr amorphous alloy, 
A Sn-Co-calcium amorphous alloy, a Sn-nickef-caicsum amorphous alloy, a 
Sn-Fe -calcium amorphous alloy, a Sn-Cu-calcium amorphous alloy, a 
Sn-Co-calcium-Fe-nickei-Cr amorphous alloy, a Sn-Cu-caicfum-Fe-nickel-Cr 
amorphous alloy, A Sn-calcium-Fe-tiickel-Cr amorphous alloy, A Sn-Go-Zn 
amorphous alloy, a Srt~nickel~Zn amorphous alloy, a Sn-Fe-Zn amorphous alloy, 
a Sn-Cu-Zn amorphous alloy, a Sn-Co-Zn-Fe-nickel-Cr amorphous alloy, a 
Sn-Cu-Zn-Fe-nickei-Cr amorphous alloy, A Sn-Zn-Fe-nickel-Cr amorphous alloy, 
A Sn-Co-aiumsnum amorphous alloy, a Sn-nickel-aluminum amorphous alloy, a 
Sn-Fe-aiuminum amorphous alloy, a Sn-Cu-aluminum amorphous alloy, a 
Sn-Co-aluminum-Fe-nickel-Cr amorphous alloy, a 

Sn-Cu-aluminum-Fe-nickel-Cr amorphous alloy, A Sn-aluminum-Fe-nickel-Cr 
amorphous alloy, a Sn-Co-P amorphous alloy, a Sri-nickel -P amorphous alloy, a 
Sf>Fe-P amorphous alloy, a Sn-Cu~P amorphous alloy, a Sn-Co-P-Fe-nsckei-Cr 
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amorphous alloy, a Sn-Cu-P-Fe-nickel-Cr amorphous alloy, A Sn-P-Fe-nickel-Cr 
amorphous alloy, a Sn-Co-B amorphous alloy, a Sn-nickel-B amorphous alloy, a 
Sn-Fe-B amorphous alloy, a Sn-Cu-B amorphous alloy, a Sn-Co-B-Fe-nickei-Cr 
amorphous alloy, a Sn-Cu-B-Fe-nickei-Cr amorphous alloy, A Sn-B-Fe-nsckei-Cr 
amorphous alloy etc. is mentioned. 

[0100] Furthermore, the alloy particle which has an amorphous phase may 
consist of four or more kinds of elements, as it is in said example of an alloy. 
[0101] As a ratio of the element which constitutes the alloy particle which has 
said amorphous phase, the following range is desirable, the ratio of Sn 
contained in the Sn-A-X alloy particle which has an amorphous phase - the 
atomic number of each atom -- setting - Sn / (Sn+A+X) 20 to =80 atom % - it is 
more preferably desirable 30 to 75 atom % and that it is the range of 40 - 70 
atom % stil! more preferably, furthermore, the size of the ratio (atomic %) of each 
element - desirable - the element of 1 element >X of Sn>A - more - desirable 
Sn> - all - it is desirable to have the relation of element ** of element > ail X of 

A. 

[0102] The ratio of the element of the transition-metals element A contained in 
the alloy particle which has an amorphous phase has the desirable range of 20 
atoms % to 80 atom %, its range of 20 atoms % to 70 atom % is more desirable, 
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and its range of further 20 atoms % to 50 atom % is desirable. 
[0103] The content of said X element contained in the alloy particle which has an 
amorphous phase has the desirable range of zero atom % to 50 atom %, and its 
range of one atom % to 40 atom % is more desirable. 
[0104] A metallic-bond radius or van der Amorphous-ization becomes easy to 
take place because the size of the atom calculated from a Waals radius etc. 
uses 10% thru/or two or more kinds of elements different 12% or more. 
Furthermore, using three or more elements goes up [ a packing consistency ], an 
amorphous state becomes stability more and amorphous-ization becomes easy 
to take place by not being easy and carrying out atomic diffusion still more easily. 
[0105] The clearance between the above-mentioned metallic elements is 
decreased, further, it is not easy and atomic diffusion can be carried out, an 
amorphous state becomes stability more and amorphous-ization becomes easy 
to take place by putting in the element with the atomic small size of O and N 
other than the element of C, P, and 8 with atomic small size still more easily. 
After storing a lithium, the irreversible amount (the amount of lithiums it becomes 
impossible to emit) when emitting a lithium increases, and it stops being suitable 
as a negative-electrode ingredient, when the oxygen content turned into an 
amount exceeding 5 % of the weight and it uses as a negative-electrode 
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ingredient of a lithium secondary battery although oxygen is made to contain and 
amorphous-ization becomes easy by performing preparation of the amorphous 
alloy particle which forms said this invention under the ambient atmosphere 
which oxygen contained. The content of an oxygen element is with a weight of 
0.1 or more 3 or less % of the weight 5 or less % of the weight 0.05 % of the 
weight or more preferabiy. 

[0106] Near the charge collector of the core of the electrode structure, the 
concentration in the electrode materia! layer of metallic elements, such as Sn, 
aluminum, Si, and germanium, is low, and is high at the side which touches the 
electrolyte at the time of using it as an electrode of a rechargeable battery, and it 
is desirable that there is a concentration gradient. This still enables it to control 
peeling in the interface of the charge collector and electrode material layer 
resulting from expansion contraction of the electrode materia! layer of the 
negative electrode at the time of charge and discharge, when it uses for the 
negative electrode of a lithium secondary battery. 
[0107] Furthermore, it is desirable that said alloy contains Li element below 30 
atom % more than 2 atom %, and it is more desirable to contain below 10 
atom % more than pentatomic %. When said alloy produces the lithium 
secondary battery which used said alloy for the negative electrode by containing 
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Li element, the amount of irreversible of the lithium at the time of charge and 
discharge can aiso he reduced. Moreover, said aiioy of containing one or more 
kinds of elements chosen from N, S, Se, and Te 30% or less 1% or more is aiso 
desirable. By containing N, S, Se, and Te element, when it uses for the negative 
electrode of a iithium secondary battery, it becomes possible to control further 
expansion contraction of the electrode materia! iayer of the negative electrode at 
the time of charge and discharge. The addition to the ailoy of Above Li, N, S, Se, 
and Te is possibie when various iithium alloys, such as Li-aluminum, a 
CHITSU-ized iithium, a sulfuration lithium, a selenium -ized iithium, and a 
teiiurium-ized iithium are mixed after the time of alloy preparation, or preparation, 
[0108] if the rate of an amorphous phase increases, the half peak width of a 
peak wili spread and the peak of the sharp X diffraction chart which was a 
crystalline substance wili serve as broadcloth more. It is desirable that the full 
width at half maximum which appears in the range of X diffraction 2theta=25 
degree-50 degree of CuK alpha rays is 0.2 degrees or more, as for said 
amorphous ailoy which has said amorphous phase, it is more desirable that it is 
0.5 degrees or more, and a certain thing is still more desirable 1.0 degrees or 
more. Furthermore, it is desirable that the full width at half maximum which 
appears in the range of X diffraction 2theta=40 degree-50 degree of CuK alpha 

959716/D/1 



rays is 0.5 degrees or more, and it is more desirabie that it is 1 .0 degrees or 
more. 

[0109] In X-ray diffraction analysis by the source of CuK aipha rays of an 
amorphous tin ailoy, if a peak is observed by angle-of-diffraction 2theta=25 
degree-50 degree, the peaks main at angle-of-diffraction 2iheta=28 degree-37 
degree and angle-of-diffraction 2theta=42 degree-45 degree in genera! are 
observed and tin contents do not differ greatly, correlation of an angle of 
diffraction, the microcrystal size calculated from half peak width, and a cycie life 
is accepted. That is, if the tin content is comparable, the cycle life of a cell will be 
extended, so that microcrystal size is small. It is so good that microcrystal size 
without an X diffraction peak approaches zero ideally. 
[01 10] the case where a metal tin or tin-lithium alloy is especially used for the 
negative electrode of a lithium ceil - the lithium atom per [ 4.4 / a maximum of ] 
tin 1 atom -- taking - ****** - things are known, and although the geometric 
capacity per unit weight is 790 Ah/kg and-izing can be theoretically carried out 
[ high capacity ] more than twice rather than 372 Ah/kg of graphite, the 
charge-and -discharge cycle life at the time of making it a rechargeable battery is 
not put in practical use short. However, high capacity can be put in practical use 
on such a theoretical target, and it can be made to improve further about both 
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other engine performance, such as a charge-and-discharge cycle fife and a good 
discharge property, by preparing the electrode material layer which consists of 
an alloy particle which has the amorphous phase of the tin alloy of this invention 
the optimal. 
[01 11] [Particle size of an amorphous alloy particle] It is desirable to control the 
mean particle diameter of the amorphous alloy particle as a principal member 
within the limits of 0,5 micrometers or more 20 micrometers or less, as 
mentioned above. The layer which consists of a particle of such mean particle 
diameter can be formed good on a tabular charge collector. It is more more 
desirable still that it is 0.5 micrometers or more 10 micrometers or less about 
mean particle diameter. 

[01 12] [Magnitude of microcrystaS] As for the magnitude of the microcrystal 
calculated from X-ray diffraction analysis of the microcrystal of an amorphous 
alloy particle, especially the alloy particle before performing charge and 
discharge to the electrode structure (intact condition), it is more desirable to 
control in the range of 100A or less to the range of 200A or less still more 
preferably [ it is desirable, is more desirable in the range below 500A (angstrom), 
and ]. Thus, by using the thing of detailed crystal grain, it becomes possible to be 
able to make smoother electrochemical reaction at the time of charge and 
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discharge, to suppress smaii distortion which can improve and produces charge 
capacity by receipts and payments of the iithium at the time of charge and 
discharge, and to develop a cycle life, 

[0113] Sn addition, in this invention, it is decided using the formula of the next 
Scherrer from the full width at half maximum and the angle of diffraction of the X 
diffraction curve which used CuKalpha for the line source that it will be the 
magnitude of the microcrystal of a particie. 
Lc=0.94lambda/{betacostheta) (formula of Scherrer) 

Lc: - magnitude lambda: of microcrystal wavelength beta: of an X-ray beam 
the half peak width (radian) of a peak 
theta: The bragg angle of a diffraction line [01 14] [Rate of an amorphous phase] 
It can ask for the rate of an amorphous phase simple by using as 100% 
{reinforcement lc) of crystalline substances X diffraction peak intensity obtained 
from what heat-treated the alloy particie which has said amorphous phase at the 
temperature of 600 degrees C or more under the inert gas ambient atmosphere 
or the hydrogen gas ambient atmosphere, and was crystallized. 
[0115] When X diffraction peak intensity of the alloy particie which has said 
amorphous phase is set to la, the percentage of an amorphous phase is 
x(1~!a/ic)100%, A certain thing of the amorphous rate calculated from the 

959716/D/1 



above-mentioned formula in this invention is desirable 30% or more, a certain 
thing is more desirable 50% or more, and a certain thing is still more desirable 
70% or more, 

[0116] [a desirable specific surface area of an amorphous alloy particle] - an 
amorphous alloy particle - RICHIUMUNI -- so that reactivity with the lithium 
which deposits at the time of charge may be raised and it may be made to react 
to homogeneity when using as a negative-electrode ingredient of degree cell An 
amorphous alloy particle is easy handling, particle diameter is fine to extent 
which is easy to form an electrode material layer in extent to which the 
impedance of the electrode at the time of electronic conduction falling and 
forming an electrode does not become high again, and its specific surface area 
is also desirable to it at the point that the larger one makes electrochemical 
reaction easy. 
[01 17] As for the specific surface area of said amorphous ailoy particle, it is still 
more desirable that it is more than 5m2/g more than 1m2/g, BET 
(Brunauer-Emmett-Telier) for which the specific surface area of said metal 
powder used gas adsorption -- it is measured by law. 
[01 18] [Oxidation control of an amorphous ailoy particle] Although a powder-like 
metal reacts with air, burns and tends to become an oxide, by covering the front 
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face of said alloy particle with a thin oxide skin or a fluoride coat, it becomes 
possible to control that oxidation of an alloy particle advances, and it can be 
saved at stability, The approach of introducing the oxygen of the minute amount 
after preparation for an alloy particle, and forming an oxide skin as an approach 
of covering with the above-mentioned oxide skin, is mentioned. Moreover, there 
is also a method of preparing the aiioy particle containing oxygen by performing 
preparation of an alloy particle under the ambient atmosphere containing oxygen. 
After storing a lithium, the irreversible amount (the amount of lithiums it becomes 
impossible to emit) when emitting a lithium increases, and it stops being suitable 
as a negative-electrode ingredient, when the oxygen content turned into an 
amount exceeding 5 % of the weight and it uses as a negative-electrode 
ingredient of a lithium secondary battery although amorphous-ization becomes 
easy by making this oxygen contain. Oxidation control also has the approach of 
adding an antioxidant at the time of preparation of an amorphous alloy particle in 
addition to the above-mentioned approach. 

[0119] The approach of carrying out immersion processing and forming an alloy 
particle in the solution containing fluorine compounds, such as an after 
[ preparation ] hydrofluoric acid or ammonium fluoride, as an approach of 
forming the above-mentioned fluoride coat, is mentioned, 
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[0120] As for especially the content of the oxygen element or fluorine element of 
the alloy particle covered with the thin oxide coat or the fluoride coat or an 
oxygen element, and a fluorine element, it is desirable to contain 5 or less % of 
the weight 0.05% of the weight or more 5 or less % of the weight. Furthermore, it 
is desirable to contain an oxygen element, a fluorine element or an oxygen 
element, and a fluorine element especially 3 or less % of the weight 0.1% of the 
weight or more 3 or less % of the weight. Furthermore, it is desirable that the 
oxygen element of a little element or fluorine element of alloy particle content is 
unevenly distributed in an alloy particle front face. 
[0121] The approach of heating a sample by the graphite crucible, changing the 
oxygen in a sample into a carbon monoxide as an example of the measuring 
method of an oxygen density, and detecting with a thermal conductivity detector 
is mentioned. After fluorine concentration dissolves a sample in an acid etc., it is 
measured by tools of analysis, such as plasma emission spectrometry. 
[0122] [Rechargeable battery] Driving 2 is the conceptual diagram showing 
typically the cross section of the rechargeable battery (lithium secondary battery) 
of this invention, and the negative electrode 202 and positive electrode 203 
which are the electrode structure of this invention countered through the ion 
conductor (electrolyte) 204, were held in the cell housing (case) 207, and have 
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connected the negative electrode 202 and the positive electrode 203 to the 
negative-electrode terminal 205 and the positive-electrode terminal 206, 
respectively. 

[0123] Since expansion consists of few amorphous alloy particles by using the 
electrode structure as shown, for example in drawing 1 (a) or (b) for a negative 
electrode 202 in this invention even if it alloys a negative electrode 202 with a 
lithium at the time of charge Even if it repeats charge and discharge, there is little 
expansion contraction within the cell housing 207, fatigue breaking of the 
electrode materia! layer (layer which holds a lithium at the time of charge) by 
expansion contraction is small, and it becomes possible to make the long 
rechargeable battery of a charge-and-discharge cycle life. Furthermore, it has an 
amorphous phase and, as for the alloy particle with small microcrystal size, a 
good discharge property is acquired by performing bleedoff of the lithium at the 
time of discharge smoothly. 

[0124] {Negative electrode 202) As a negative electrode 202 of the lithium 
secondary battery of this invention mentioned above, the electrode structure 102 
of this invention mentioned above can be used. 
[0125] (Positive electrode 203} The positive electrode 203 used as the counter 
electrode of a lithium secondary battery which used for the negative electrode 
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the electrode structure of this invention mentioned above consists of the positive 
active materia! which serves as host materia! of a lithium ion at least, and 
consists of the iayer and charge collector which were formed from the positive 
active material which serves as host material of a lithium ion preferably. As for 
the iayer furthermore formed from this positive active material, it is desirable to 
consist of the positive active material used as the host material of a lithium ion, 
and a binder and the ingredient which added the electric conduction nominal 
member to these depending on the case. 
[0126] As positive active materia! used as the host material of the iithium ion 
used for a lithium secondary battery, transition-metals oxide, a transition-metals 
sulfide, a transition-metals nitride, lithium-transition-metals oxide, a 
iithium-transition-metals sulfide, and a fithium-iransition-metals nitride are used. 
The lithium-transition-metals oxide which contains a lithium element more 
preferably as positive active material of the rechargeable battery of this invention, 
a lithium-transition-metals sulfide, and a fithium-transition-metals nitride are used. 
As a transition-metals element of a transition-metals oxide, a transition-metals 
sulfide, and a transition-metals nitride, it is the metallic element which has d 
husks or f husks, and Sc, Y, a ianthanotds, actinoid one, and Ti, Zr, Hf, V, Nb, Ta, 
Cr, Mo, W, Mn, Tc, Re, Fe, Ru, Os, Co, Rh, Ir, nickel, Pb, Pt, Cu, Ag and Au are 
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used suitably, for example. 

[0127] In order to make [ many ] the amount (namely, accumulaiion-of-eiectricity 
capacity) of the lithium ion which also intercalates the above-mentioned positive 
active material (positive-electrode ingredient), it is more desirable to use an 
ingredient with an amorphous phase. As for the microcrystal size calculated from 
the formula of an X diffraction result and Scherrer like an alloy particle with the 
amorphous phase from which the positive active material which has an 
amorphous phase constitutes said negative electrode, it is desirable that it is the 
range below 500A (angstrom), and it is more desirable that it is the range of 
20GA or less, it is desirable that the half peak width of the main peak over 2theta 
of an X diffraction chart is 0,2 degrees or more iike the amorphous alloy particle 
(X diffraction reinforcement to angle-of-diffraction 2theta) of a negative-electrode 
ingredient, and it is more desirable that it Is 0.5 degrees or more. 
[0128] When the configuration of the above-mentioned positive active material is 
powder, it is made to sinter using a binder, a positive-active-material layer is 
formed on a charge collector, and a positive electrode is produced. Moreover, 
when the conductivity of the above-mentioned positive-electrode active 
substance powder is low, it is necessary suitably like formation of the active 
material layer of said electrode structure to mix an electric conduction nominal 
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member. What is used for the above-mentioned electric conduction nominal 
member list at the electrode structure (102) of this invention mentioned above as 
a binder can use it similarly, As an ingredient of the above-mentioned charge 
collector, aluminum, titanium, platinum, nickel, a stainless steel, etc. are 
mentioned. The same thing as the configuration of the charge collector used for 
the electrode structure (102) as a configuration of a charge collector can be used. 
[0129] (Ion conductor 204) The conductor of lithium ions, such as a separator 
which made the electrolytic solution (supporting-electrolyte solution which was 
dissolved in the solvent and prepared the supporting electrolyte) hold, a solid 
electrolyte, and a compression electrolyte which gelled the electrolytic solution 
by polymer gel etc., can be used for the ion conductor of the lithium secondary 
battery of this invention. 

[0130] The conductivity of the ion conductor used for the rechargeable battery of 
this invention needs to be [ 1x10 to 3 or more S/cm j 5x10 to 3 or more S/cm 
more preferably preferably as a vaiue in 25 degrees C. 
[0131] as a supporting electrolyte - H2 -- the acid of S04, HCI, and HN03 grade, 
the salt which consists of a lithium ton (Li+) and Lewis acid ion (BF-4, PF-6, 
AsF-6, CIO-4, CF3SO-3, BPh-4 (Ph: phenyl group)), and such mixed salt ** are 
mentioned, Moreover, the salt which consists of cations, such as sodium ion, 
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potassium ion, and tetra-alkylammonium ion, and Lewis acid ion can also be 
used. As for the above-mentioned salt, it is desirable to heat under reduced 
pressure and to perform sufficient dehydration and deoxidation. 
[0132] As a solvent of the above-mentioned supporting electrolyte, for example 
An acetonitrile, a benzonitrile. Propylene carbonate, ethylene carbonate, 
dimethyl carbonate, Diethyl carbonate, dimethylformamide, a tettahydrofuran, A 
nitrobenzene, a dichloroethane, dieihoxy ethane, 1, 2-dimethoxyethane, A 
chlorobenzene, gam ma-butyro lactone, dioxolane, a sulfoiane, Nitromethane, 
dimethyl sulfide, dimethyl ape oxide. methyl formate, 
3-methyl-2-OKIZAZORIJ!NON, 2-methy! tetra hydrof um\ 3-propyl sydnone, 
sulfur dioxide, a phospboryi chloride, a thionyl chloride, sulfury! chlorides, or 
these mixed liquor can be used. 

[0133] The above-mentioned solvent is good to dehydrate with an activated 
alumina, leakage-at-bulb queue RASHIBU, a phosphorus pentaoxide, a calcium 
chloride, etc., or to distill under alkali-metal coexistence in inert gas depending 
on a solvent, and to also perform impurity clearance and dehydration. 
[0134] In order to prevent leakage of the electrolytic solution, it is desirable to 
use a solid electrolyte or a compression electrolyte. As a solid electrolyte, glass, 
such as an oxide which consists of a lithium element, a silicon element, the Lynn 

959716/D/1 



element, and an oxygen element, the macromolecule complex of the organic 
macromolecule which has ether structure, etc. are mentioned. What gelled said 
electrolytic solution with the gelling agent, and was solidified as a compression 
electrolyte is desirable. It is desirable to use a porous materia! with much liquid 
adsorption, such as a polymer which carries out liquid absorption of the solvent 
of the electrolytic solution as a gelling agent, and silica gel. As the 
above-mentioned polymer, polyethylene oxide, polyvinyl alcohol, polyacryl amide, 
polymethylmethacrylate, a poiyacrylonitrile, etc. are used. Furthermore, the 
above-mentioned polymer has the more desirable thing of the structure of cross 
linkage. 

[0135] Said separator has the roie which prevents the short circuit of a negative 
electrode 202 and a positive electrode 203 within a rechargeable battery. 
Moreover, it may have a role holding the electrolytic solution. The separator 
holding the electrolytic solution functions as an ion conductor. 
[0136] It is necessary to have as a separator the pore which a lithium ion can 
move, and to be insoluble to the electrolytic solution, and to be stable. Therefore, 
as a separator, the ingredient of nonwoven fabrics, such as poiyolefines, such as 
glass, polypropylene, and polyethylene, and a fluorotesin, or micropore structure 
is used suitably, for example. Moreover, the metallic-oxide film which has 
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micropore, or the resin film which compound-ized the metallic oxide can also be 
used. Since it is hard to penetrate a dendrite when the metallic-oxide film which 
has the structure multilayered especially is used, effectiveness is in short circuit 
prevention. When the tluororesin film which is a fire retarding material the giass 
which is an incombustible materia!, or a metallic-oxide film is used, safety can be 
raised more, 
[0137] (The configuration and structure of a cell) As a concrete configuration of 
the rechargeable battery of this invention, there are a fiat form, a cylindrical 
shape, a rectangular parallelepiped form, a sheet form, etc., for example. 
Moreover, as structure of a cell, there are a monolayer type, a multilayer type 
spiral type, etc., for example. Also in it, by winding on both sides of a separator 
between a negative eiectrode and a positive electrode, the cell of a spiral type 
cylindrica! shape can enlarge an electrode surface product, and has the 
description that a high current can be passed at the time of charge and 
discharge. Moreover, the ceil of a rectangular parallelepiped or a sheet form has 
the description which can use effectively the storage space of the device which 
contains and constitutes two or more ceils. 
[0138] Below with reference to drawing 3 and drawing 4 more detailed 
explanation is given about the configuration and structure of a cell I » swing ; is 
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the sectional view of a monolayer type flat form (coin form) cell, and zing 
expresses the sectional view of a spiral type cylindrical cell. These lithium cells 
are the same configurations as drawing 2 fundamentally, and have a negative 
electrode, a positive electrode, an ion conductor (an electrolyte and separator), 
cell housing, and an output terminal. 

|0139) drawing 3 and drawing 4 setting - 301 and 403 a negative electrode 
and 303 and 406 - a positive electrode, and 304 and 408 - a negative-electrode 
terminal (a negative-electrode cap or negative-electrode can), and 305 and 409 
- a positive-electrode terminal (a positive-electrode can or positive-electrode 
cap), and 302 and 407 - an ion conductor, and 306 and 410 - for a 
positive-electrode charge collector and 411, as for a negative-electrode lead and 
413, an electric insulating plate and 412 are [ a gasket and 401 / a 
negative-electrode charge collector and 404 / a positive-electrode lead and 414 ] 
relief valves. 
[0140] The laminating of the positive electrode 303 containing a 
positive-electrode ingredient layer and the negative electrode 301 equipped with 
the negative-electrode ingredient layer is carried out through the ton conductor 
302 of the separator which held the electrolytic solution at least, this layered 
product is held from a positive-electrode side in the positive-electrode can 305 
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as a positive-electrode terminal, and the negative-electrode side is covered in 
the rechargeable battery of the flat moid (coin moid) shown in drawing 3 by the 
negative-electrode cap 304 as a negative-electrode terminal. And the gasket 
306 is arranged at other parts in a positive-electrode can. 
[0141] In the spiral type cylindrical rechargeable battery shown in drawing A , the 
positive electrode which has the positive-electrode (ingredient) layer 405 formed 
on the positive-electrode charge coilector 404, and the negative electrode 403 
with the negative-electrode (ingredient) layer 402 formed on the 
negative-electrode charge coilector 401 counter through the ion conductor 407 
of the separator which held the electrolytic solution at ieast, and the layered 
product of the cylindrical structure wound around multiplex is formed. The 
layered product of the cylindrical structure concerned is held in the negative 
electrode 406 as a negative-electrode terminal. Moreover, the positive-electrode 
cap 409 as a positive-electrode terminal is formed in the opening side of the 
negative-electrode can 406 concerned, and the gasket 410 is arranged in other 
parts in a negative-electrode can. The layered product of the electrode of 
cylindrical structure is separated from the positive-electrode cap side through the 
electric insulating plate 411, About the positive electrode 406, it connects with 
the positive-electrode cap 409 through the positive-electrode lead 413. 
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Moreover, about the negative electrode 403, it connects with the 
negative-electrode can 408 through the negative-electrode lead 412. The relief 
valve 414 for adjusting the internal pressure inside a ceil is formed in the 
positive-electrode cap side. 

[0142] As mentioned above, the layer which consists of an alloy particle 
ingredient of this invention mentioned above is used for the active materia! layer 
of a negative electrode 301, and the active materia! layer 402 of a negative 
electrode 403, 
[0143] Below, an example of an approach to assemble the cell shown in drawing 
3 or drawing 4 is explained. 

{1} Insert a separator (302,407) between a negative electrode (301403) and the 
fabricated positive electrode (303,406), and include in a positive-electrode can 
(305) or a negative-electrode can (408). 

(2) Assemble a negative-electrode cap (304) or a positive-electrode cap (409), 
and a gasket (306,410) after pouring in an electrolyte. 

(3) A current completes the above (2) by caulking ******. 
[0144] in addition, as for ingredient preparation of the lithium ceil mentioned 
above and the assembly of a cell, it is desirable to carry out in the dry air from 
which moisture was removed enough, or desiccation inert gas. 
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[0145] The member which constitutes the above rechargeable batteries is 
explained. 

(Insulating packing) As an ingredient of a gasket (306,410), a fluororesin, 
polyarnide resin, polyolefin resin, pofysulfone resin, and various rubber can be 
used, for example. As the obturation approach of a ceil, approaches, such as the 
glass sealed tube, adhesives, welding, and soldering, are used like {rawing .'• 
and drawing 4 besides the "caulking" using insulating packing. Moreover, 
various organic resin ingredients and the ceramics are used as an ingredient of 
the electric insulating piate of drawing 4 
[0146] (Outside can} As a can, it consists of the positive-electrode cans or the 
negative-electrode cans (305.408) and negative-electrode caps, or 
positive-electrode caps (304,409) of a cell outside a cell As an ingredient of an 
outside can, a stainless steel is used suitably. Especially, a titanium clad 
stainless plate, a copper clad stainless plate, a nickel-plating steei plate, etc. are 
used abundantly, 
[0147] In drawing 3 , since the negative-electrode can (408) serves [ the 
positive-electrode can (305) ] as ceil housing (case) by dra wing 4 , the 
above-mentioned stainless steei is desirable. However, when a 
positive-electrode can or a negative-electrode can does not make cell housing 
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serve a double purpose, as construction material of a eel! case, the composite of 
plastics, such as metais, such as iron and zinc, and polypropylene, a metal or a 
glass fiber, and plastics is mentioned besides a stainless steel, 
[0148] (Relief valve) The lithium secondary battery is equipped with the relief 
valve as a safety practice when the internal pressure of a cell increases. As a 
relief valve, rubber, a spring, a metal ball, a burst foil, etc. can be used, for 
example. 
[0149] 

[Example] Hereafter, this invention is explained to a detail based on an example. 
This invention is not limited to these examples. 
[0150] Metal tin powder with example 1 {preparation of the alloy-powder end as 
a negative-electrode ingredient) mean particle diameter of 10 microns, The 
cobalt powder of 3 microns of mean diameters is mixed by the element ratio 
20:80. CHUO KAKOHKI CO, LTD. make : After it pays a raw material to the 3L 
container made from chromium ** (85%Fe-12%Cr~2.1%C-0,3%Si-0.3%Mn) of 
vibration mill ModelMB-1 equipment for a total of 12kg of chromium hard balls 
with iQOg and a diameter of 19mm and argon gas permutes the inside of a 
container, The oscillation was given for 10 hours and the end of a Sn-Co alloy 
powder was obtained. 
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[0151] The component analysis of the obtained powder was measured by X-ray 
microanalysis (XMA) and induction type plasma luminescence (ICP) analysis. By 
ICR analysis, it is thought that it is the presentation of only a raw materia! mostly 
the end of an alloy powder the impurity of under 0.4 atom % that sets the main 
element to Fe was measured, and it was obtained by the request. 
[0152] Moreover, the particle size distribution in the end of an alloy powder are 
Horiba Make. With the optical particle-size-distribution measuring device 
(HORIBA LASER SCATTERING PARTICLE SIZE DISTRIBUTION ANALYZER 
LA-320), water was distributed in ultrasonic irradiation and it analyzed. Mean 
particle diameter was 1.9 microns, 

[0153] Wide angle X-ray diffraction analysis which used K aipha rays of Cu for 
line origin for the end of an alloy powder it was obtained with Rigaku 
International Corporation:X-ray diffraction equipment RINT2000 was performed. 
The X diffraction chart vibration mill processing before and after processing was 
shown in drawing 5 . It turns out that the peak at which half peak width spread is 
discovered at 2theta=25 degree-50 degree with vibration mil! processing. The 
half peak width of the main peak (2theta=30.4 degree and 43.6 degrees) of an X 
diffraction chart became 1.3 degrees and 1.8 degrees, respectively. The peak 
with wide half peak width shows that it has the amorphous phase. Moreover, the 
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microcrystal sizes computed from the formula of the half peak width and the 
angle of diffraction of a peak of an X diffraction chart to Scherrer were 85A and 
49A, respectively. 
[0154] (The production approach of a negative electrode) 4 % of the weight of 
graphite powder was added as an electric conduction nominal member, ion 
exchange water was added to 91 % of the weight of metal powders obtained 
above as a binder at 2% of the weight of a carboxymethyl cellulose, and 3% of 
the weight of polyvinyl alcohol, and it prepared in the shape of a paste, and after 
applying to the both sides of the copper foil of 18-micron thickness and drying, 
pressing was carried out with the roll press machine, and the electrode material 
layer of one side produced the electrode structure with a consistency of about 
2.6g [/cc ] by 40-micron thickness. 

[0155] {Production of a rechargeable battery) In this example, the lithium 
secondary battery of AA size (13.9mm psixSOmm) of the cross-section structure 
shown in drawing 4 was produced. Below, with reference to drawing 4 , the 
production procedure of each structure of a cell and the assembly of a cell are 
explained from production of a negative electrode. 
[0156] (1) The electrode structure produced by the production procedure above 
of a negative electrode 403 was cut in predetermined magnitude, it connected 
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with the above-mentioned electrode by spot welding by having considered the 
tab of a nickel foil as the lead, and the negative electrode 403 was obtained, 
[0157] (2) After mixing the production ** lithium carbonate and cobalt carbonate 
of a positive electrode 406 by the mole ratio of 1:2, it heat-treated by 
800-degree-C air air current, and the lithium-cobait oxide was prepared. 
** N-methyi pyrroiidone was added after mixing carbon powder 3wt(weight) % of 
acetylene black, and polyvinylidene fluoride powder 5wt% to the powder of the 
lithium-cobait oxide prepared in the above-mentioned 
[0158] After carrying out spreading desiccation of the paste obtained by the 
above-mentioned ** at the charge collector 404 of aluminium foil with a thickness 
of 20 microns, the roll press machine adjusted the thickness of the 
positive-active-material layer 405 to 90 microns. Furthermore, by considering the 
tab of aluminium foil as a lead, it connected with the ultrasonic welding machine, 
reduced pressure drying was carried out at 150 degrees a and the positive 
electrode 406 was produced. 

[0159] (3) production procedure [ of the electrolytic solution ] ** - the solvent 
which carried out equivalent mixing of the ethylene carbonate (EC) which fully 
removed moisture, and the dimethyl carbonate (DMC) was prepared. 
** What carried out W (mol/l) dissolution of the 4 fluoride [ lithium borate ] sait 
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(UBF4) was used for the solvent obtained by the above-mentioned ** as the 
electrolytic soiution. 
[0160] (4) the fine hoie of polyethylene with a separator thickness of 25 microns 
the separator was used. By pouring in the electrolytic solution at a next 
process, the electrolytic solution is held at the pore of a separator and it 
functions as an ion conductor 407. 

[0161] (5) The assembly assembly of a cell was altogether performed under the 
desiccation ambient atmosphere which managed the moisture of -50 degrees C 
or iess of dew-points, 

** The separator was inserted between the negative electrode 403 and the 
positive electrode 406, it wound spiraily so that it might become the configuration 
of a separator / positive electrode / separator / negative electrode / separator, 
and it inserted in the negative-electrode can 408 of the stainless-steel material of 
a titanium clad. 

** Subsequently to the pars basiiaris ossis occipitalis of the negative-electrode 
can 408, the negative-electrode lead 412 was connected by spot welding. The 
vena contracta is formed in the upper part of a negative-electrode can with 
necking equipment, and it is the positive-electrode lead 4 to the 
positive-electrode cap 409 with gasket 410 made from polypropylene. 13 was 
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welded with the spot welder. 

** Next, after pouring in the electrolytic solution, the positive-electrode cap 409 
was put, the positive-electrode cap 409 and the negative-electrode can 408 
were sealed in total with the caulking machine, and the cell was produced. In 
addition, this cell was used as the cell of the negative-electrode capacity 
regulation which enlarged capacity of a positive electrode compared with the 
negative electrode. 
[0162] Assessment of capacity and charge-and-discharge coulomb 
effectiveness which it asked by performing the charge and discharge of the cell 
produced in the performance-evaluation example 1 of a cell, and a cycle life was 
performed. 

[0163] The capacity test was performed as follows. When charge is performed in 
the constant current of the 0.1C {0.1 times as many current as capacity/time 
amount) value acquired on the basis of the electric capacity calculated from 
positive active material and ceil voltage amounts to 4.2V ; switch to the 
constant-potential charge of 4.2V, and it charges for a total of 10 hours. It 
discharged after the pause for 10 minutes until cell voltage reached 2.8V by the 
constant current of a 0.1C {0.1 times as many current as capacity/time amount) 
value, and it went the charge and discharge test up to 3 cycles by making the 

959716/D/1 



cycle of 10 minutes to stop into 1 cycle. The value calculated from discharge 
quantity of electricity of 3 cycle eye estimated cell capacity. 
[0164] Charge-and-discharge coulomb effectiveness was searched for as 
follows. The rate of discharge quantity of electricity to charge quantity of 
electricity when performing the above-mentioned capacity test was calculated, 
and it evaluated as charge-and-discharge clone effectiveness. 
[0165] Furthermore, the cycle life was performed as a 1 cycle cycle which serves 
as charge and discharge of 0.5C (0.5 times as many current as capacity/time 
amount) from the recess for 10 minutes on the basis of the discharge electric 
capacity of 3 cycle eye obtained by the above-mentioned capacity test, and the 
count of a cycle which was less than 60% of cell capacity estimated it. In addition, 
the above result is collectively shown in a table 1. 
[0166] As shown in one to examples 2-6 and example of reference 2 table 1 , and 
a fable 2, the element ratio was changed for metal tin powder and cobalt powder, 
the oscillation was given by the vibration mill by the same approach as an 
example 1 , and the end of a Sn-Co alloy powder was obtained. From the end of 
a Sn-Co aiioy powder it was obtained, by the same approach as an example 1, 
the negative electrode was produced, the lithium secondary battery was 
produced further, and assessment of capacity and charge-and-discharge 
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couiomb effectiveness which it asked by performing charge and discharge, and 
a cycle fife was performed. 

[0167] Drawing in which i i 5 shows the X diffraction chart after vibration 
mill processing of the example 3 of this invention, and drawing 8 are drawings 
showing the X diffraction chart after vibration mill processing of the example 4 of 
this invention, 
[0168] In drawing 7 , the measurement result of the particle size distribution in 
the end of an amorphous Sn-Co aiioy powder prepared in the example 4 is 
shown, and it turns out at it that a mean diameter (median size) is about 2 
microns, 

[0169] Those results measured like the example 1 are coilectively shown in a 
table 1 and a table 2. In addition, a table 1 and a table 2 show the proper content 
of Sn contained into an aiioy. 

[0170] A tabie 1 and a table 2 use a lithium for a counter electrode for a 
presentation and the X diffraction data of an example 1 to the example 8, and 
the amorphous tin-cobalt alloy powder prepared in the examples 1 and 2 of 
reference, and the electrode produced from the end of an alloy powder, and 
show collectively the charge-and-discharge coulomb effectiveness and the cycle 
life of a lithium secondary battery which consist of the capacity which asked by 
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performing charge and discharge, a negative electrode produced from the end of 
an alloy powder, and a positive electrode produced from the cobalt acid lithium 
(LiCo02). 

[0171] It turned out that the coulomb effectiveness and charge-and-discharge 
capacity of charge and discharge increase as the content of tin increased the 
end of an amorphous tin aiioy powder from the result of a table 1 with the lithium 
secondary battery used for the negative-electrode active material 
(negative-eiectrode ingredient). However, when there were too many tin 
contents, increase and amorphous-tzing become less easy aiso for the grinding 
processing time required for amorphous-izitig, and it turned out that the cycle life 
of charge and discharge falls. 

[0172] When the coulomb effectiveness, the charge-and-discharge capacity, and 
the charge-and-discharge cycle life of charge and discharge are taken into 
consideration, the content of tin is desirable and it turns out 20 atoms % - 80 
atom % and that it is 30 atoms % - 70 atom % more preferably. In addition, 
although not shown here, the alloy with transition-metals elements other than a 
cobalt element was aiso the same result. 
[0173] 

[A table 1] 
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[0174] 
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10175] (Note) 

(1) As a result of !CP analysis, the mixing impurity in a vibration miii had main Fe, 
and was below 0.4 atom %. 

(2) The cycle life standardized the count of a life of the example 1 of reference as 
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1.0. 

(3) The vibration mill used for preparation is the CHUO KAKOHKI CO., LTD. 
make and Model. MB-1 was used. 

[0176] it is shown that the alioy particle of the negative-electrode electrode 
material for lithium secondary batteries of three to examples 7-8 and example of 
reference 4 this invention is a non-stoichtometric ratio presentation. 
[0177] As shown in tables 3 and 4, the element ratio was changed for metal tin 
powder and cobalt powder, the oscillation was given by the vibration mi!i by the 
same approach as an example 1, and the end of a Sn-Co alloy powder was 
obtained. From the end of a Sn-Co alioy powder it was obtained, by the same 
approach as an example 1 , the negative electrode was produced, the lithium 
secondary battery was produced further, and assessment of capacity and 
charge-and-discharge coulomb effectiveness which it asked by performing 
charge and discharge, and a cycle life was performed. <BR> [0178] Drawing in 
which drawing 8 shows the X diffraction chart after vibration mill processing of 
the example 7 of this invention, drawing in which drawing 9 show-; the X 
diffraction chart after vibration mill processing of the example 8 of this invention, 
drawing in which draw mg 10 shows the X diffraction chart after gas afomization 
processing of the example 3 of reference, and drawing 11 are drawings showing 

959716/D/1 



the X diffraction chart after vibration mill processing of the example 4 of 
reference, The result is shown in a table 3 and a table 4 with the 
above-mentioned example 3 and an example 4, 
[0179] In addition, gas atomization was used for preparation of metal powder in 
the example 3 of reference. The processing conditions of gas atomization were 
as follows. After having mixed metal tin powder with an average grain size of 10 
microns and the cobalt powder of 3 microns of mean diameters by the element 
ratio 20:80, introducing and carrying out vacuum suction to the crucible of gas 
atomization equipment and permuting an ambient atmosphere by argon gas, it 
fused, the molten metal was formed, argon gas was used as fuel-spray gas, and 
the end of an alloy powder was obtained by the atomizing method. Mean particle 
diameter was 7 microns as a result of measurement. 
[0180] Generally it is widely known for the Sn-Co alloy that Sn2Co3, SnCo, and 
Sn2Co** is an intermetaliic compound. These intermetallic compounds are 
expressed with the integer ratio with the easy atomic ratio of tin and cobalt, 
[0181] The ratio as the above-mentioned intermetallic compound with same 
table 3 and table 4, or a different ratio, Namely, examples 3, 4, 5, and 7, the 
presentation of the amorphous tin-cobalt alloy powder prepared in the examples 
3 and 4 of reference, and X diffraction data, A lithium is used for a counter 
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electrode for the efectrode produced from the end of an alloy powder, and the 
clwge-and-discharge coulomb effectiveness and the cycle life of a lithium 
secondary battery which consist of the capacity which asked by performing 
charge and discharge, a negative electrode produced from the end of an alloy 
powder, and a positive electrode produced from the cobalt acid lithium (LiCo02) 
are shown collectively. In addition, the presentation of the tin-cobalt alloy powder 
of an example 7 is the presentation near the presentation ratio of Sn2Co. 
[0182] From a table 3 and a table 4, amorphous-ization tends to break out [ the 
one / ratio /, i.e., stoichiometric composition, / the presentation ratio of an 
jntermetalHc compound / shifted ], and a cycle life also understands a ********. in 
addition, although not shown here, the alloy with transition-metals elements 
other than a cobalt element was also the same result. 
[0183] 

[A table 3] 
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[0184] 

[A table 4] 
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[01 85] (Note) a cycle life - the count of a life of the example 3 of reference - 1 .0 
****** - it standardized. 

[0186] Amorphous-izing, electrode, and cell engine performance of an alloy 
particle of example 9 this invention are shown. [ of the negative-electrode 
electrode materia! for lithium secondary batteries ] 
[01 87] As shown in a table 5, the element ratio was changed for metal tin powder 
and cobalt powder, the oscillation was given by the vibration mill by the same 
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approach as an example 1, and the end of a Sn-Co afloy powder was obtained. 
From the end of a Sn-Co alloy powder it was obtained, by the same approach as 
an example 1, the negative electrode was produced, the lithium secondary 
battery was produced further, and assessment of capacity and 
charge-and-discharge coulomb effectiveness which it asked by performing 
charge and discharge, and a cycle life was performed. 
[0188] The result is shown in a table 5 with the above-mentioned example 4. 
I 1 i 12 is drawing showing the X diffraction chart after vibration mill 
processing of the example 9 of this invention, and an example 4. A table 5 
summarizes extent, and the electrode and cell engine performance of 
amorphous-izing in the end of an amorphous tin alloy powder it prepared on 
various preparation conditions in an example 9 and an example 4. 
[0189] If it is the almost same tin content, the result of a table 5 shows that the 
charge-and-discharge cycle life of a ceil is extended, when amorphous-ization in 
the end of an amorphous tin alloy powder progresses. It seems that correlation 
is stronger than that of the peak 1 whose direction of the microcrysta! size 
calculated from the half peak width of a cycle life and the angle-of-diffraction 
2theta=42 degree-45 degree peak 2 is 2theta=28 degree-36 degree. 
[0190] in addition, although not shown here, the alloy with transition-metals 
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elements other than a cobalt element was also the same result. 



[0191] 
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[0192] (Note) 
(1) As a result of ICP analysis, Fe of the impurity was main and it was below 0.4 
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atom %. 
(2) The cycle life standardized the count of a life of an example 9 as 1,0. 
[0193] Amorphous-izing, electrode, and cell engine performance of an alloy 
particle often to example 1 1 this invention are shown. [ of the negative-electrode 
electrode material for lithium secondary batteries ] 
[0194] As shown in a table 6, the metal tin powder of 10 microns of mean 
diameters and the cobalt powder of 1-3 microns of mean diameters are mixed by 
the element ratio 60:40. Germany Product P-5 made from FURSTCHU in 45 cc 
container made from the stainless stee! (S-0.07% C of 
85,3%Fe-18%Cr-9%nickel-2%yn-1%Si-0.15%) of planet mold ball mill 
equipment 5g of raw materials and 12 balls made from stainless steel with a 
diameter of 15mm were put in, the inside of a container was covered with the lid 
of a container after the permutation by argon gas, processing was performed by 
acceleration 17G for 4 hours (example 10) and 10 hours (example 11), and the 
end of a Sn-Co alloy powder was obtained. 
[0195] The component analysis of the obtained powder was measured by X-ray 
microanalysis (XMA). From the analysis result of XMA, it became clear that the 
container of a planet ball mil! and the component of a ball mixed according to 
processing conditions. 
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[0196] Wide angle X-ray diffraction analysis which used K alpha rays of Cu for 
Sine origin for the obtained metal powder was performed. The X diffraction chart 
of the metal powder of the example 10 after planet ball mill processing and an 
example 11 was shown in drawing 13 . By increasing the planet ball mill 
processing time shows that half peak width has spread further. 
[0197] In addition, the enlarged drawing of the X diffraction chart of the examples 
10 and 11 of dra^g 13 is shown in drawing 45 and 46. 
[0198] Moreover, from the end of a Sn-Co alloy powder it was obtained, by the 
same approach as an example 1, the negative electrode was produced, the 
lithium secondary battery was produced further, and assessment of capacity and 
charge-and-discharge coulomb effectiveness which it asked by performing 
charge and discharge, and a cycle life was performed. 
[0199] The result is shown in a table 6. A table 6 summarizes extent, and the 
electrode and cell engine performance of amorphous-izing in the end of an 
amorphous tin alloy powder it prepared on various preparation conditions in an 
example 10 and an example 11. 

[0200] If it is the almost same tin content the result of a table 6 shows that the 
charge-and-discharge cycle life of a cell is extended, when amorphous-ization in 
the end of an amorphous tin alloy powder progresses. It seems that correlation 
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is stronger than that of the peak 1 whose direction of the microcrystai size 
calculated from the half peak width of a cycle life and the angle-of-diffraction 
2theta=42 degree-45 degree peak 2 is 2theta=28 degree-36 degree. 
[0201] In addition, although not shown here, the alloy with transition-metais 
elements other than a cobalt element was also the same result. 
[0202] 

[A table 6] 
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[0203] (Note) 
(1) The cycle life standardized the count of a life of an example 10 as 1.0. 
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(2) The pianet bal! mi!! used for preparation used the pianet moid bali miii P-7 
made from DOiTSUFURSTCHU. 

[0204] Amorphous-izing, electrode, and celt engine performance of an alloy 
particle of 12 to example 15 this invention are shown. [ of the negative-electrode 
electrode materia! for Hthsum secondary batteries ] 
[0205] As shown in tables 7 and 8, the element ratio was changed for meta! tin 
powder, cobalt powder, and carbon powder, and the end of a Sn-Co alloy 
powder was obtained using the planet moid baii mil! or the tumbling mill. 
[0206] From the end of a Sn-Co alioy powder it was obtained, by the same 
approach as an example 1 , the negative electrode was produced, the lithium 
secondary battery was produced further, and assessment of capacity and 
charge-and-discharge coulomb effectiveness which it asked by performing 
charge and discharge, and a cycle life was performed. 
[0207] Drawing 14 is drawing having shown the X diffraction chart after planet 
ball mill processing of an example 12 of this invention, the X diffraction chart 
after revolution grinding processing of an example 13, the X diffraction chart 
after revolution grinding processing of an example 14, revolution grinding of an 
example 15, and the X diffraction chart after planet ball mill processing 
collectively, 
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[0208] in addition, the enlarged drawing of the X diffraction chart of the examples 
12-15 of drawing 14 is shown in drawing 41 -44, 
[0209] The result is shown in a tabie 7 and a table 8. A table 7 and a table 8 
summarize extent, and the electrode and cell engine performance of 
amorphous-izing in the end of an amorphous tin ailoy powder it prepared on 
various preparation conditions in examples 12-15. Drawing 15 is drawing 
showing iC charge-and-discharge cycle life of the lithium secondary battery of 
the examples 12-15 of this invention. 

[0210] If it is the almost same tin content, the result of a table 7 and a table 8 
shows that the charge-and-discharge cycle life of a cell is extended, when 
amorphous-ization in the end of an amorphous tin ailoy powder progresses. It 
seems thai correlation is stronger than that of the peak 1 whose direction of the 
microcrysta! size calculated from the half peak width of a cycle life and the 
angle-of-diffraction 2theta=42 degtee-45 degree peak 2 is 2theta=28 degree-36 
degree, in addition, although not shown here, the alloy with transition-metals 
elements other than a cobalt element was also the same result. 
[0211] 

[A table 7] 
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[0212] 

[A table 
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[0213] (Note) 
{1} The cycle life standardized the count of a life of an example 12 as 1.0. 
{2} The planet bail mill used for preparation used the planet mold ball mill P-7 
made from DOITSUFURITCHU. Nara Machine Factory MICROS was used for 
the ring-like medium tumbling mi!!. 

[0214] As example of reference 5 binder, 2% of the weight of the carboxymethyl 
cellulose (CMC) of an example 10 and 3% of the weight of polyvinyl alcohol 
(PVA) were changed to 5% of the weight of Pori fluoride kinky thread NIDEN 
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(PVDF), the solvent was replaced with water, and the electrode was formed like 
the example 10 except using a N-methyf-2-pyrrolidone. 
[0215] Furthermore the lithium secondary battery was produced and 
assessment of capacity and charge-and-discharge coulomb effectiveness which 
it asked by performing charge and discharge, and a cycle life was performed. 
The result is shown in a table 9 with the above-mentioned example 10. 
[0216] A table 9 changes the binder of the water soluble polymer of the electrode 
produced in the example 10 to Pori fluoride kinky thread NSDEN (PVDF), and 
compares the charge-and-discharge property of the cell of the produced 
example 5 of reference. 

[0217] From the result of a table 9, the binder of a fluororesin system shows that 
the charge-and-discharge cycle life of a cell is extended by the direction which 
formed the electrode from the end of an amorphous tin alloy powder using the 
binder of a water soluble polymer system. Compared with the electrode using 
carbon ingredients, such as the conventional graphite, as this reason, at the time 
of charge, the end of a tin alloy powder alloys with a lithium, and expands, Since 
the end of an alloy powder cannot absorb the electrolytic solution compared with 
a carbon ingredient, it is guessed whether the binder of a water soluble polymer 
system was used, is [ direction j adhesive strength with a metal powder high, 
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and the high active material layer (electrode material layer) of an electrolyte 

holding rate can be formed by porosity. 
[0218] 

[A table 9] 
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[0219] (Note) The cycle life standardized the count of a life of an example 10 as 
1.0. 

[0220] As other alloy ingredients used for the electrode structure of assessment] 
this invention of an ingredient In other end of an alloy powder it has an example 
1 6[amorphous phase, it analyzed by X-ray diffraction by having prepared the 
ingredient of the following table 10 and a table 11 by the same actuation as 
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examples 1-15 further, and the half peak width of a peak, microcrystal size, 
charge-and~discharge coulomb effectiveness, and the cyeie iife of a eel! were 
searched for, The result is shown in a table 10 and a table 11. 
[0221] Moreover, the X diffraction chart which processed the alloy ingredient of 
each sample to drawing 16 - i\ -uu 36 is shown. D ■>■>;, ' is drawing in 
which in the ingredient of No.2 of an example 16, and drawing 18 the ingredient 
of No.3 of an example 16 and d jw r>g 19 show the ingredient of No.4 of an 
example 16 for each of the ingredient of No.5 of an example 1 6 and drawing [ 20 
shows [ the ingredient of No.1 of an example 16, and drawing 17 j the X 
diffraction chart mill processing before and after processing. 
[0222] Drawing 21 is drawing in which in the ingredient of No.7 of an example 16, 
and drawing 22 the ingredient of No.8 of an example 16 and drawing 23 show 
the ingredient of No.9 of an example 1 6 for each of the ingredient of No. 1 1 of an 
example 16, and drawing 24 shows the X diffraction chart after mill processing. 
[0223] Drawing 25 is drawing in which the ingredient of No. 16 of an example 16 
and drawing 28 show the ingredient of No. 17 of an example 16 for each of the 
ingredient of No. 18 of an example 16, and drawing 27 shows the X diffraction 
chart mill processing before and after processing. 
[0224] The ingredient of No.20 of an example 16 and draw ing 29 drawing_ 2_8 The 
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ingredient of No.21 of an example 16, The ingredient of No.22 of an example 16 
and drawing 31 drawing 30 The ingredient of No.24 of an example 16, The 
ingredient of No,25 of an exampie 16 and dra j 32 The ingredient 

of No.26 of an example 16, Drawing 34 is drawing in which the ingredient of 
No. 27 of an example 16 and drawing 35 show the ingredient of No.28 of an 
example 16 for each of the ingredient of No.29 of an example 16, and drawing 
36 shows the X diffraction chart after mil! processing. 
[0225] 

[A table 10] 
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[0226] 

[A table 11] 
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[0227] A table 10 and a table 1 1 summarize the property in the various end of an 
amorphous tin alloy powder except having prepared and carried out by the table 
9 from a table 1 . The value which standardized the count of the cycle life of the 
cell which produced the half peak width to an X diffraction peak, the microcrystal 
size calculated, the charge-and-discharge coulomb effectiveness of 3 cycle eye, 
and the electrode prepared from the alloy-powder end of No.3 like the example 
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to the negative electrode as 1.0 was shown in the tabie. 
[0228] As equipment of aiioy preparation, the planet bail mil! was mainly used. 
As a raw material, pure metal powder was used for No.3 as a raw material 
except for having used the Li3N alloy for No.4 and having used Li50aiuminum50 
alloy for No.19 for Sn73Bi27 alloy. 

[0229] in addition, although the analysis value of the presentation in the end of 
an alloy powder ii was prepared is not shown in a table, since the product made 
from stainless steel was used for the container and ball of a planet ball mill which 
were used for preparation, Fe and occasions nickel and Cr are mainly mixing in 
the end of an alloy powder. Furthermore, when Zr and Ti which are easy to 
combine with oxygen are used for a raw material, the amount of mixing of the 
component of the above-mentioned stainless steel ingredient is increasing. In 
the case of No.24, from the XMA analysis result it called also at the sampling 
part, but the presentation was 

Sn36.0Cu7.1Zr18.0aluminum9.8Fe19.8Cr5.9nickel2.9Mn0.5. 
[0230] From the result of a table 10 and a table 11, by choosing the classes and 
ratios of an element other than tin shows that microcrysta! size can be made 
small, amorphous-ization can be advanced, and the cycle life of a ceil can be 
developed . 
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[0231] Example 17 this example carried out the meta! lithium pole activity at the 
electrode and counter electrode which were produced from the end of an 
amorphous tin aiioy powder it prepared by this invention of example 18 grade, 
used UBF4/EC-DMC of electrolytic-solution 1M used for said example 1 for the 
electrolytic solution, formed the eel in the separator using the microporous 
polypropylene film with a thickness of 25 microns and the polypropylene 
nonwoven fabric with a thickness of 70 microns, performed charge and 
discharge, and measured the maximum electrode capacitance per weight of an 
electrode material layer. 

[0232] The result is shown in the following fable 12, 
[0233] 

[A table 12] 



959716/D/1 



& 12 





1 CT t j ft 1 ' ' * I 


niAh/g 




S Bsw C 0»> F Cies 


490 




S rtsw C 0* 


520 


mo N0.7 


SxinCdntNiM 


280 


m 10 no.8 


S n«M C osu C um 


420 


£10 No£ 


Sites* C«suTJ» 


470 


a 10 N0.10 


S rusn C Oji.s Z 5't .t 


410 


£io Nan 




470 


$10 Nal2 




470 


SID No.i3 


S flow C o»s A g* ( 


440 




•S nssj) C «x«2 Css 


550 


NoJS 




700 



[0234] Since the geometric capacity of a graphite is 372 mAh/g extent with the 
negative-electrode ingredient of the lithium ion battery marketed now and the 
capacity per weight of the electrode material layer which consists of a graphite is 
300 mAh/g extent, it is turned out how the ingredient except Mo.7 of the 
above-mentioned table 10 of this invention has high capacity value. 
[0235] As reference, the charge-and- discharge curve of No.1 of a table 10, No. 2 
of a table 10, and the cell of an example 2 was shown in drawing J , 
38 , and drawing 39 
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[0236] Moreover, the charge-and-discharge curve of a cell which used for the 
negative electrode the metal tin electrode formed by electroiytic plating on 
copper foil as an example 8 of reference at d - ,vas shown in addition, 
the meta! tin electrode used what was produced as follows. 
[0237] By the ceil of this invention, it turns out that each shows a smooth 
charge-and-discharge curve as compared with the ceil of a plating tin electrode, 
[0238] Copper foil with a thickness of 18 micrometers which carried out cleaning 
washing and which was dried by the acetone and isopropyl aicohol A cathode, 
(Electrolysis plated-metal tin electrode: Negative electrode of the cell of drawing 
40 ) At 25 degrees C of solution temperature among the electrolytic solution 
which uses a tin plate as an anode, sets between a cathode and an anode to 
6cm, and does not add the copper sulfate of the following presentation Stirring, 
direct-current electric field were impressed between the cathode and the anode, 
the cathodic current consistency was made into 10 mA/cm2, was energized two 
times 20 C/cm, and the layer 102 which consists of metal tin was formed. In 
addition, the cathode at this time and the electrical potential difference between 
anodes were 1V. 

[0239] (Electrolytic-solution presentation) 

The 1st tin of a sulfuric acid 40 g/l sulfuric acid 60 g/i gelatin 2 g/l solvent used 
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water. 

[0240] in the water solution which dissolved 60 g/l and Na3P04.12H20 after 
rinsing, by 60-degree C solution temperature, for 80 seconds, after processing, it 
rinsed, reduced pressure drying was carried out at 150 degrees C, and the 
electrode structure was produced. 

[0241] The thickness of the electrode material layer which consists of obtained 
metal tin was 40 micron of **. The X diffraction peak of the obtained deposit was 
a peak of metai tin, and was a thing which has narrow half peak width and which 
can be judged to be a crystal phase. 
[0242] The obtained above-mentioned electrode structure is used as a cathode. 
{Expansion assessment by electrochemical insertion desorption with a lithium) 
1:1 mixed solutions of the ethylene carbonate and dimethyl carbonate of the 4 
lithium borate LiBF4 fluoride of 1M (a moi/liter) are used for the electrolytic 
solution by using a iithium metai as an anode. Energize by cathodsc current 
consistency 2 mA/cm2 for 1.5 hours, and the alloying by lithium metai deposit 
(insertion reaction) is performed to a cathode. It was eluted to 1.2V (v. s.U/Li+) 
by 1 mA/cm2 {elimination reaction), the increment in the thickness of the 
ingredient layer of the electrode structure was measured, and the rate of 
expansion after insertion desorption of a iithium was evaluated. 

959716/D/1 



[0243] A table 13 carries out a meta! lithium pole activity at the electrode and 
counter electrode which were produced in the example of this invention. 
UBF4/EC-DMC of electrolytic-solution 1M used for said example is used for the 
electrolytic solution. A microporous polypropylene film with a thickness of 25 
microns and a polypropylene nonwoven fabric with a thickness of 70 microns are 
used for a separator. A eel is formed, charge and discharge are performed, the 
increment in the thickness of an electrode is measured, and the expansion 
coefficient of the electrode of the example 6 of reference which changed the 
amorphous tin alloy-powder end of this invention to tin metal powder, and 
produced it is standardized as 1.0, and is summarized. 
[0244] The electrode which consists of the amorphous substance alloy-powder 
end of this invention is understood that there is little expansion of the thickness 
direction also by charge and discharge. 

[0245] 

[A table 13] 
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[0246] 

[Effect of the Invention] According to this invention, in the rechargeable battery 
using oxidation reaction of a lithium, and the reduction reaction of a iithium Ion, 
as explained above, if a negative electrode repeats a charge-and-discharge 
cycle, an electrode will expand, current collection ability will fall and the electrode 
structure to which a charge-and-discharge cycle life can solve the problem of 
being inelastic will be offered. As a result the rechargeable battery of a high 
capacity and a high energy consistency with a gently-sloping discharge curve 
with a long cycle life can be offered. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

Drawn 3 1 f It is the sectional view showing an example of the staicture of the 
electrode structure of this invention typically. 

[Drawing 2] It is the outline cross-section block diagram showing an example of 
the rechargeable battery configuration of this invention. 

it is the sectional view showing the structure of a monolayer type flat 

cell. 

ng 4 I ts the sectional view showing the structure of a spiral type 
cylindrical cell. 
{Drawing 5] It is drawing showing the X diffraction chart after vibration mill 
processing of the example 3 of this invention. 

■ ■ vin-j t)j it is drawing showing the X diffraction chart after example 4 
vibration-mill processing of this invention. 

J- *v; 7] It is drawing showing the particle size distribution in the end of an 
amorphous Sn-Co alloy powder prepared in the example 4 of this invention. 
Ps.^-ng H| It is drawing showing the X diffraction chart after vibration mill 
processing of the example 7 of this invention, 
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[Drawing 9] It is drawing showing the X diffraction chart after vibration mill 
processing of the example 8 of this invention. 
P \ H] it is drawing showing the X diffraction chart after gas atomization 
processing of the example 3 of reference. 
D !/. n, ' P It is drawing showing the X diffraction chart after vibration mill 
processing of the example 4 of reference. 
[Drawing 12] It is drawing showing the X diffraction chart after vibration mill 
processing of the example 9 of this invention, and an example 4, 
Davng ^. It is drawing showing the X diffraction chart after planet baii mill 
processing of the example 10 of this invention, and an example 11, 
Drawing 14} It is drawing showing the X diffraction chart after grinding 
processing (amorphous-izing) of the examples 12-15 of this invention. 
p-'BwnQ ■% it is drawing showing IC charge-and -discharge cycle life of the 
lithium secondary battery of the examples 12-15 of this invention. 
iOr;:w:ng v* It is drawing showing the X diffraction chart mill processing before 
and after processing for the ingredient of No.1 of the example 16 of this invention. 

. *o ' it is drawing showing the X diffraction chart mill processing before 
and after processing for the ingredient of No.2 of the example 16 of this invention. 
' <U\-\ h It is drawing showing the X diffraction chart mill processing before 
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and after processing for the ingredient of No.3 of the example 16 of this invention. 

ng 9] it is drawing showing the X diffraction chart mill processing before 
and after processing for the ingredient of No.4 of the example 16 of this invention. 

n , /> it is drawing showing the X diffraction chart mill processing before 
and after processing for the ingredient of No. 5 of the example 16 of this invention. 
D a zing 21] It is drawing showing the X diffraction chart after mil! processing for 
the ingredient of No. 7 of the example 16 of this invention. 

is it iwsng showing the X diffraction chart after mill processing for 
the ingredient of No.8 of the example 16 of this invention. 

it is drawing showing the X diffraction chart after mill processing for 
the ingredient of No.9 of the example 16 of this invention. 
[Drawing 24] It is drawing showing the X diffraction chart after mil! processing for 
the ingredient of No. 11 of the example 16 of this invention. 
[Drawing 25] it is drawing showing the X diffraction chart mil! processing before 
and after processing for the ingredient of No.16 of the example 16 of this 
invention. 

it is drawing showing the X diffraction chart mill processing before 
and after processing for the ingredient of No. 17 of the example 16 of this 
invention. 
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It is drawing showing the X diffraction chart miii processing before 
and after processing for the ingredient of No. 18 of the example 18 of this 
invention. 

it is drawing showing the X diffraction chart after mil! processing for 
the ingredient of No.20 of the example 16 of this invention. 

it is drawing showing the X diffraction chart after mil! processing for 
the ingredient of No. 21 of the example 16 of this invention. 

' is dt swing showing the X diffraction chart after mil! processing for 
the ingredient of No.22 of the example 16 of this invention. 

ng31] It is drawing showing the X diffraction chart after mill processing for 
the ingredient of No,24 of the example 16 of this invention. 
I iwinj J it is drawing showing the X diffraction chart after mil! processing for 
the ingredient of No. 25 of the example 16 of this invention. 

it is drawing showing the X diffraction chart after mill processing for 
the ingredient of No.26 of the example 16 of this invention. 

it is drawing showing the X diffraction chart after mil! processing for 
the ingredient of No. 27 of the example 16 of this invention. 

♦ ts mawsnq showing the X diffraction chart after mil! processing for 
the ingredient of No.28 of the example 16 of this invention, 
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\\t\s drawing showing the X diffraction chart after mil! processing for 
the ingredient of No.29 of the example 16 of this invention. 

ft is drawing showing the charge-and-discharge curve of the cell of 
No.1 of the table 10 of the example 16 of this invention. 

It is drawing showing the charge-and-discharge curve of the eel! of 
No.2 of the table 10 of the example 16 of this invention. 
Jhc-v ng 39. it is drawing showing the charge-and-discharge curve of the cell of 
the example 2 of this invention, 

[Drawing 40] it is drawing showing the charge-and-discharge curve of the ceil of 
the example 6 of reference. 

? ig n It is the enlarged drawing of the X diffraction chart of the example 

12 of drawing 14 

[Drawing 42] It is the enlarged drawing of the X diffraction chart of the example 

13 of *awjng H 

Draw sng *3] It is the enlarged drawing of the X diffraction chart of the example 

14 of drawing 14 

^ ' It is the enlarged drawing of the X diffraction chart of the example 

15 Of c:r;r,vng 14 

5 % : % it is the enlarged drawing of .the X diffraction chart of the example 
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10 of -rawing 13 

: it is the enlarged drawing of the X diffraction chart of the example 

11 of oravyng 13 

[Description of Notations] 

100 Charge Collector 

101 Electrode Material Layer 

102 Electrode Structure 

103 Amorphous ASioy Particle 

104 Electric Conduction Nominal Member 

105 Binder 

202, 301, 403 Negative electrode 

203, 303, 406 Positive electrode 

204, 302, 407 Ion conductor 

205 Negative-Electrode Terminal 

206 Positive-Electrode Terminal 

207 Battery Case (Housing) 

304 Negative-Electrode Cap 

305 Positive-Electrode Can 

306 410 Gasket 
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401 Negative-Electrode Charge Collector 

402 Negative-Electrode Layer 

404 Positive-Electrode Charge Collector 

405 Positive-Electrode Layer 

408 Negative-Electrode Can 

409 Positive-Electrode Cap 

411 Electric Insulating Plate 

412 Negative-Electrode Lead 

413 Positive-Electrode Lead 



414 Relief Valve 
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